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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a heterobipolar transistor where the resistance of an 
outer base layer is small and a manufacturing method of the transistor.SOLUTION: An undoped 
SiGe spacer layer 7, an inclined SiGe base layer 8 where boron is doped and an Si cap layer 9 
where boron is doped are sequentially installed on an Si epitaxial layer where an Si sub-collector 
layer 3a is installed. A mat oxide film 1 1 is installed on the Si cap layer 9 and an emitter lead 
electrode 10 filling the emitter opening 1 of the mat oxide film 1 1 is installed. Phosphorus in the 
emitter lead electrode 10 is diffused to a part of the Si cap layer 9 and an emitter diffusion layer 
9a is formed. Since a link area Rlink positioned below the mat oxide film 1 1 in an outer base layer 
is formed from the inclined SiGe base layer 8 to the Si cap layer 9, the outer base resistance is 
reduced. 
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[ISM] naK-^l^liajEtt^JfV^Trny^df 

S i t7'^^I3a^ityitS 

^-t!7 , *'nV# K-rSfuMH&S i G e<-X 
18, jKd ytf H -7$ il£ S i df + y 71 9 #HUMR 

JR 1 1 mitetiXti 0 . T»*IM* 1 1 «XS 
mum laSrfflrt*xS^^ISffiU«fflO^Rft 

flJS 1 1 nTtlZiZEtl V y^fWRlinkWJWS i 
Ge\-Xf8*^S i^ J T7 7 , 19tHot^$il 
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item i «JNWMi«±fcR*tfe<i, mmwmwfa 
2 

JJB*2<04NWMW)±fcR*t4>*i. ±iem2co^ft 
1 k tit a' > F a- 7 7°rt>*gft ft ttWfr h ft 9 , 4*5r < fc 
iTSHcfl 2 -irom 3 <7)*gftl k . 

±.m 3 <7>^fm*JB^± tatt s>ii£T» £ mm t , 

JtCF»*lftlHi(c»tt4)*i. JM3^NWMifc3l 
tftHPWk. 

T»* &M«a6Rnffi£tItf> TJJES 3 <0*NI«clfc:« 
yisxftztowx * 

jJE»3<0¥IWMKi, JhEI)Pa0>Ttffc«M*ft» 

ism 2 cowman, isssn 1 o¥»*i^x 5 7 > . 

t^£^ftJMK-*l£1rLTV*ft;:kHHafc. 
^ft^,-*?-?^^'.*?. 

±IE» 3 WKMto4*5r< k tT»fc:*i:fcft»2# 

«s*ttft*)iMtti . uess 2 2 mm. 

iSXflZti^X. 

±t£x5 summit, mi^mw^mw- 

iJem 3 »f»«s«m 5 7 ?J£ifclti:, JJBx's 7 * 

liWfifcR«UTV^fc«)T**iktr1«8i:'t&^- 
Jtf-yVyyiSXf, 

±ssm 2 3 ?)¥#tti<7) 3 ^±iex 5 -y *gi * aj 

*IT ^ ft £ fc fcttft k t ft S' > 'J ^ 'J ^ y&MS 
4X-y\-yyVX?. 

ip&m 5 ] mm 1-300 *>^?ti& 1 ociam 

±1 Ex 5 «y ^§1 # aj L W»i , .1* U x 'J 3 yRfc J: 0 ffl 

±f EJ& 3 «o^*JBO 3 *>xf ET$ I ffiSR^M 

rSfifctfU x'J aytcJ: 9«jSafift*-*3l*aj L 
«S*& 4>fc«ATV^ft£ k SrHSlktft^M #-9 h 



yy : JX$. 

\m.m\ mmi-sm^-mfri^zm 
nam 1 ^^ftiti s i it* 9 , 

HfifH 2 CD^sSftlii S i G e f T*, 0 . 
JJE»3*I#**«ttS il?ftft£fc*«f«fc*ftA' 

mmn ) m.±.<nw. 1 *tflpRKft£-t&:> 

*t^-X«fc&ft*2<^KJf*JBjaW-*Ig 
(a) fc, 

y 7 :r#*frft8«*»4>& 0 . 4>$r< fc fcTWc 

>HSKCJ: 9»*t4I8 (b) fc. 
««JitT»Sie»R£itllW-ftIS (c) t, 
±IET^# lft«Wt±ieS 3 <WWWIC3itftB!PS 
SrJgdc-fftlS (d) k. 

±ie® 3 c7)3±s|ftji<?) ^ jjbbb nas^T* ttMt ft 
fs«t* 1 mwmmmxix . xs -y ^^istii^ 

JBfiKtftlg (e) bttttJVX-yYyyiSzfV 
±IEXS ( d ) ^)»t'±ieiS ( e ) WIKC, fflRJLt 

KBi^ftm 1 ?^mM^«r#tfx s 7^§i tm® 

HUM ( e ) tt s jfej&lKJ: 0 , xlEX$ 7^?l#ffi 
^S^M»S-±ifi^3 ^mMMtctt 
»S*fti kfcj: Off«rWifti k twak1-ftA>f jjf 

±ieXS ( d ) CfeV^TU. 7 hx 7 ^y^Zj; 9 
JJEIin**»«tft - k S:#jSktftAM h 7 

[H*I11 0] !B*«7SlW)^!K-5 b^V^A 

naia ( d ) mt. mBzmftmwxtm®. 
--y?ix 9 mri^x s -y m % % \jvskm. 

tftlSk, 

t. mmm^msMty&xzmoikizx 

9. JJES2, ^3^^^1^)-3*>±ISXi-y^5|§ 
^■Tftiek ^$ kSr^tktftA'-f 
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wc. 

±KIS ( c ) <Z)ftTJbffil8 ( d ) <D tut. 
-LET* * jg«c0±tc±iem 3 0¥£ttItf>-» £S 

Wty&xzmatiz**), ±ie*2. ^3o 
^*i«> o %±M£m% masmu izw&ti mm 

±.m^-z&xmcoBf8.m. m±t,z±.iimm 
tammmmmim, ±.mmmiz±.mr. 

±EX8 ( d ) ii, ±E«fi«SMBS®jSt4nSoa 
JOEIS (d) flgfcfc. fflSit^ftJRSrJiMLfca, 

f max =v r ( f i /8?r • R B • C 

fx :9mmmmm 

R B : <-Xfm, 

C BC 3\s7?%$m 

x-t>& . 

[00 0 5] y^^XAiCffiW 
frlV-IVftfcfcflrCfciS i GeSRwtffifc^-xJIte 
m^^rVJU t'-yhyy'Jx^ (SiGe-HB 

t) mn&mx^h. 

[00 06] Si Ge-HBTti, S i GeK~XM<0 
■Ge*WtxS.y^fl|*»4)3U^llt|6HtTf|5'<fC 
im%ttmmi&*-A®m<7){><7) (L. Harare et a 
1. ."Optimization of SiGe HBT Technology for High S 
peed Analog and Mixed-Signal Applications," 1EDM T 
ech. Dig. 1993, p.71.) jW*WT**. 

[0007] mmm&<-xmxn. <-*mz 

XMi F l> 7 F£fft* . F 'J 7 MMlcJ; . 64f + U T 

tlX^Z. t1i* SiGe-HB T Tli, ft^Ov-'J 
3 V 1 i I. ^ H tf?- 7 F 7 f VX 9 Cjfrv . <-Xl<7) 

LT^-*ffl3juWS«S;h., f max <0|6]±-<?>ffi$ 



7v^x^<oi^a. 

[0001] 
[0 0 0 2] 

[mm®] xs ***fc*wK-xjii: 

[0003] A'-(,1i-5h7 ^**Oft*ftSmi9K 
f nax ©|*J±*B4fc»fcUi; Tlfi^ ( 1 ) tc^rf «fc 5 

m. ^-x-au? ?®mc u <7)mtfm)x%& 

Zbtfhfrb. 
[0004] 

BC) (i) 

*NbWSMiTi*4. £*>J:3fc, »JSIift»ttfc:Wifc 
S i G e - H BT(i, iJlfflOv 'J 3 >7'D-fe7.£jflJffl L 
Tf^?T'#l.^. ifJU&lSiSffl I C if «0B i CMO 
Sr'Wxcifflv^ft-po&i,. 
[0008] Ell 3 (a) , ( b ) tt. WhWyyfiV 
X >J x 'J 3 y^co SiGe-HB T<50«jt^^t8lTffi 

*t«WMBriiBITJbi. 

[OO 09 3 H13 (a) fcw^id'fc, SiS^lO 
■v/l-Jll 0 4^iS^t^' ^ ^^Ti3 , ). 3C0S ilf^y-v 

>f 1 02a £ tOi$^tT^tC®U ; 'TSiS«l 01 
■WHS'tittftT'f -7>P-yf- 1 0 2 b*»*»»t4>/lT 
. r^f^-TM^y^lO2bti0HBTffM 

0 . H B TJB«ffl«Rbt#J|S 1 «Jgttffl«Rel b % 2 ff) 
^tt^Re2tCKS$ilTV^„ *LT. Sixt^ 

tfiSt4»«CfcV>-C. SSlOiSttiattRelWiS i 
3l/^^il03ai«, »2^)ffltt«WRe2fc:U3U^ 
^t-lHl 0 3b*<f<i-fiiS{tfe<tTV^. $4> 
t. Sixtr^5/-r;Hl04«5%JBl<^i8ttffi« 
Rel<0±t{i. xe^*s/+iH(»{Cj:-aT»J«$ilfe 
G e itt&tflft 1 5 20nm<7)SiGe 
•til 0 7* ? |g(t^tOl> c COS i GeX^— 

1 07(i, #a><^t|fetJ:S^7^r^ 7?a''J7 
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Wft*< Y -7 $ ftT v vfc v>7 y K-717& & . 4 
S i G e JX<— 71 1 0 7 0)±C(i , G e 

SfflftS iGe\-^Il 0.8*«IWt6:IVCV^. 
ft#fS i Ge^-Xl 1 0 8«0Ji^{4*t)4 0 nrat, il 
.$S i Ge^-Xll 0 8'A£tt. in-situ H'-tV/ 
fci •3#oy#£EA£*VO^. MS i Ge 

K-xm 1 0 8«Jt£(i % xt°;?^i^;M&Rti; W 
J&ZtlizW*%)2 OnmCDTyV-rcDS i 3-^77°! 

[00 10] 4fc, S i4-v-y7*l 0 9O±tCtt. v 

. u n yiwiaw^fciT** hhur 1 1 1 mil htix 
rmmtm 1 lctt si*** 71109 

n-mz&ftzv&m-yffflnm 1 1 a*'B«?n 
TV*4. *l7C, T«&lHklKl 1 1<9X$7*BJP» 

nia ^gtox . T»*«flji 1 1 1 ±ts# 4 y y 
b«s 1 1 oawt'Mn:^*. lues i -v 

711 0 9»-5*>x5;x^BBP3l 1 1 acOT^fcftS 
■*-**WHcli, xS .x^|#ilSL€ffil 1 0#>A,<«{ti 
4 'J K-7S*ifcx 5 7 10 9a **B 

[00 11] *l/C. ffi*fSiGe*-*110 84>.3 
*>x = 7 ?j£n5tl 10 9 a«*TarCfl[»t*«W*<X 
tt<-XlBint Tt>4, SiGe^- "fil 
07, M®SiGeK-zmi08&TfSi*X'vTJ§ 
10 9<7)3*>, X$.^^|#aiL«ffil lOflJWSrfcffi 

oy (B) ^K-7$^T^<-xaAlBex*^ 
10-gUi:^-oTV->|> e ifc, fflfts i Ge<-Xl8 

iBint tftu<-A&kmmextizmtix^z> 'J 

^«WBlink't*MB^-^l^)Hifc5r->T^6. 
[0 0 l 2] 3rfc,-x$.y*3|#a}lf8«l lo<75ffilB 
fc, Si** 7711 0 9. SiGefiftSiGc^- 
*ll 0 8 fttfS i Ge^-tll 0 Ifrbtch M 

F7?-;H 20, 1 2 2#Rlt4>iVO>*. 
7lAiai BSG (Boron Silicate Glass) JgA»A> 

^viatettRi 1 3#i£fturo^. mmm&i 

13fcl4. xS7^?l&aj'L®fil 10. Si^ 7 7 
110 9, 3 1>? * -7 *- /H 103b C^ft-fflfiBg 
TiSHBLtfRtf <^Tfc <0 , «fMCIi, x $ «y ? 

1 0, Si^-V77ll09, au?? 
?7*-)Vm 1 0 3 bc0^fflg|5^M$ii^vU7-f Fl 

1 2 1 izw&fhvyrzTV'rjtri 1 2 
iit^ft. tit. flRHMIKl l 34>x.fctt, #^V7 . 
W7?^l 1 2fc««S<i4^«E«l MAWt 



[00133 li-c; tsrsbhuri 1 1 mmbnx 
v>hz\tz\ Tmmmi-i ltxs^^Hnsi 1 

1 afcHlO-fiBWC, «7x 7 hx-/75rfflV^|»Ci:* i ^ 
fjgt&v, tt(CXS7^*EJBEll0 9afciSr*Si^ 
•y7ll 0 9^ffigPtCX7f-777^-^S:4i^^ 
£3K7u**£jitf>S<ria*T'#6. 
[00143 014(a), (b) ii. HaW)^7H^f 
'J 'J 3 S i G e - H B T05«jfi£ij*tKS5BL 
St^'x 5 7 * jfc&SWifiOlfji£i£* LT 

[00 1 5] HI 4 (a) IZn^tXoiZ. S i3£«l 0 
lcr>ai<??misbjLfrMl 0 5<7)±CfiS i Zt^Jfy 
+/HlO43&«Rft4>*i.T*J0. ^Six^Jfyt 
'H104CI1 att««tiai^&fcl60^n-b 
UVf-1 0 2a*5fg(t'oilTV^. i/^n-hlx 
yf-1 0 2aJ:Ot$^(CT^'t®U : 'TS iSfil 0 1 

commit &t < -rbi/ y^f- 1 o 2b*Jgtt4.nt: 

n*. ;<7)T^f-7M^y^l 0 2bt^J:0HBT}B)t 
««Rbt*t]ROffliix. v-vn-hU-yf-1 02atJ: 
0, HB TBtifWRVUm 1 OvSttffi^Rel t % 2 CO 

*v+;Hl 04rttf53U^^lA&*ll 0 5<7)±Sr 
fcttHt*«WKc*JV^T N ' mo«tt«HWRelt:«S i 
"3U-7711 0 3a*\ »20JStt««Re2t:«3V^ 
. ^ -7 1 -;H 10 3b ^'-eit-f fti&lt 4>nt v ^6 . $4 

Rel <0±t; H , x tf ^ df y * cfc-oTJFMS 
GeMf* 4 'l!)l' 5%7i?^2 0 nmCOS i GeX^- 
■711 0 7*^lt^T^a o :«SiGe^- 71 

^'K-7$ilTV^U7yH-7lt**l). tiz. Si 
G e X^-71 1 0 7 (50_htCtis G e isl&ff 1 5 
^±^TtC|Fl3&>oT«^ L±ST-0 %fc t-57 V V«4)m S 
i Ge<-Xfl 0 8^t^il-CV^ o i^iS^S i 
G e K-ZM 1 0 8<^)W^(i#t)4 0 n mX\ m®S i G 
e^ll 0 8^(2{4, in-situ F-fy/^i *) 
aytfmx?tiX^&. %t>lz, MIS i Ge<-Xl 
1 0 8^±W4, xt^df *,*A4R«C i 0»*3tlfc 
0 nm07y K-7<7)S i df-V 7 71 1 0 9# 
Sft^ilt^*.- S idr^. y 711 09<7>±C 
i±. ^ya^iMJ^feftiTltSBflJIl 1 l^'Sit 
^l-CfcD. T»*KflJll:l lfctt. Si if A- 771 
1 0 90-95£EHJ3-fr-&x$ 7^BBP»1 1 1 a^Jg 
*8*LT^4. *LT, TftSKHlJU 1 l^x$7^ 
-BHQffl 1 1 a^-S^|,^'Jx'j3y*^^Sx5 7^ 
51 * Si L«« 110 *««Wt 4>fLT v . 
[0 01 6 ] -t. ±ES i if -V 7711 0 9<9o *>X 
S'y^HP*! 1 1 a«T*fcffi«t4««fcl4. X5 



[00 17] ite, T3KSl*ffc!l 1 l«±fctt. PS 

H»l 3.2Um\1btlX\^t. 

3 1 &tf MSfeftR 1 3 2 CD '3 *» . T» » BHUS 1 1 
KWS7^P«1 1 1 atf)±#(Cffll* *S#Jill 
□ ettlTWC. ^-^.^l#aiL«Sl 21&ZriBKIBK 
Jill 3 zoBBictt. BHfcKlM F 1 ?*- ;n 3 3# 

* UT. J^X-S-y^gi^aSLlMl 10ti s IS 7 
?HnSn 1 1 aSrffift. sK »J ^ 'J a >1M K7*-;U 
1 3 4 &tfIHU!lM K •> a -li- 1 3 3 %®A,X'<-Z 
5l>ajLtfil3 1i:«i*iL-C^4. o4 9. IHtlRlf 

4 r-*7*-/H 3 3Hi->X, xS-v^9l>fflU«*l 

i ofc^-xgisajLVEi 3 i t*««ftwtie«sii 

*fcfct>C» ^-^gi&{fJL«ffil3 1*^xS7^5l 

#asL«si i o'^^^ttibwajhSiiT^s. 

4fc, WiaWMI13 2fcJ:-9T. 
«13 1«±HkxSy^g|#asL«ai lOitfSiry 

[00 i 8 3 *LT. «£fS i Ge<-XJIl 0 8^3 

7 mm 1 0 9 a»HT*Cfflat . 
tt^-^lBint X'bb. ttz. S i Ge^-fll 
0 7, fSflS-iGe^-^ll O80S i*-V77'JI 

mat. 4 ty&xizi <o vm^mx-hhrn y 

( B ) if ilT^<-7^±AJI Bex^$£tl 

TfcO, 3(7)M-ai<-xaA^Bex^hgii<-7,Ji<7) 
R B = Rex+Rlink+Rint . 
Rex : ft^-XJg+^h$<-X&AiI®Bextf')ffi 

Rlink : jMfcA-*JI+tf>'J y?WABliiknB&&ft 
Rint : Ktt^-XlBint OffiiS*# 

£.3:9*3*14. 

[0023] z<7)t*. ±bv y^mmmmu 

nWi, H 94 x 7 f-y/T'X S 7 frHPfcJMtt* - 1 
5rV>S i G e - H BTfcKfffllSS*#T» l> . . 
SiG e -HBTttSWHi. fg$S i.Ge*t->Ul4> 
TO«ti**£*< til **. 
ffitaR B jWE<$:4ttfC*S#. C^SfiD&tfRlink 

R B =Rps+Rc +Rex+Rlink+ 

rps : K-x3\ttii immomx 

Rc. : ^--Xf|*{ilLtti-S i^-v-xTlia^a^' 
Rex : *r»<-*«4^I^-*&A««B«tf>JS 
Rlink : ftg|K-Xjf +<0'J y^fWBlink^aaDft^ 
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HUfciflroTV.^. ifc. ffiffs i Ge*-*180>3 
VRRSIjafcKl 1 l*>T#fc*»wc, «14<-X1B 
i nt fc HSE^-^aA^ B ex t (C$ t tlX V \& U > 7 
Hm B 1 ink t JUK- fc & o T v i £ . 

.[ooi93 =sr*i. xs7^?isaiL«si i os.y'€ 
wssmm 1 3 2o^s)Mk , ^-xgi* tu tm® 1 3 

-/H2 0*llt^tHS. 
[0 0 20] S&C, ^XA±tC(i, BSG (Boron Si 
licate Glass) mfrttlMBMUkl 1 3**Rft&fi 

x^i. ismmm 1 3Wi, xs7?§i§aiL«ffi 

1 10, <-*5ISSBL*Sl.3 1, 
« 1 0 3 b C*<l*h*Blt*««BL* , »»tfe*lT*J 
v, «««Rl(:lS. xS7?5l&aJL*fil 10. 
^5IStiiL,«ffil 3 1 , 3U?:$i"7*-/WIl 03bW 
«B53Kc#jSS*lfcS' W K« 1 2 1 WKJtttft ^ > 

ftftRl 1 30±Wi, &9>7ZTy7 , ??\ 1 2fc 
«««ASAiliaill43MRttfe*lT^4.. 
[0021] 

*C0S i G e-HBTcDfllJt 3 ? > ro-feX7D-tfc^ 

[0 0 22 3 ±1321 3 (a) , ( b ) K5r$-ft#<7)£/ 
y?)V-XVisVaym<nS i Ge -HBTCtJ^TU, 
;<-^SSlR e *ffi«t4ifc**®iTA-5fe. 013 
(b) ii. vy^U-if'J^'J nySS iGe-HBT<7) 

^-^fiSR B <5/yiM Hll 21*^xS7^t£ifc 
if 1 0 9 ailTOKti^-^^Bint ST'OigStR 
B ) OjffiKjS^^^-f. o^D, <-X«fiiR B 14, T 

123*: ( 2 ) 

. (2) 

[00243 -15. ^W^yx'jnyS^SiGe- 
HBTC^RJiXStfcV^Tfc. 7X7 hX7^t«t'9x 
■5 7 ^Cias 1 1 1 a«r»jfttftfcftCT3R*iWkBll 

1 1 frm ttch^tfrb. isyyivxv v v v yms 

iGe-HBTfcPIBto|BBBW*6. 114 (b)U. 
^'7"^^y y'j3yISiGe-HB TO<-^.fifiiR 
B (i/OW Hfll 2 1*^XS 7^JSftll 0 9aE 

4 0 . ^-7,ffi^R B (J. TE« ( 3 ) 
Rint ' (3) 
Rint :»tt^-7.JlBint cOfifiilS^ 

[0 0 2 5 3 I<0k#, yy^ffl«Blink<0JKStt#R 
1 i nkli . K 7 'f X 7 /-CX i7» Z 
t tfT* =Sr V i S i G e - H B TClf tfl&StjRtfTab 
0. ±a>^«t')lCs r^JSfiifiSt^Rlink^rtt, 
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[00 26]W^g6^ ± , x^y^llftLmffik 

5 i G e^-XltcO^TSt^K«&^fi$^S 
iGe-HBTCtJUT. ^-xmZi&m&^m 

[00 27] 

[ mm nwtz t&xvm ] *mw u y h 7 

i(D*mfom±izme>tL, m2mmm*mmtts 
% 2 vmm t . ±e§? 2 <nmm?>±_izm h 

fftf^#v\ ')?%<ki>Tmzm2>$mWVm$:$ts 
m 3 O^ftS k s JiffiSS 3 c^ittS^Jb^ISlt A>il 
£TfSc£*fcii§lk, ±!ST^&iiJ£fc!&(t4>ii, ±I£ 

H3^#*nc*ts^Dgi5h. mmmpmrn* 
ismymmzt m&zn. mi^mmm 
umm±m3cvmmiz\m?hx* -,9m 
* immt zmi&u 7 h 7 y ^ ? k&v . 

Jb!5«3<VHWMHi. JtEMn*WT#fc<aiI*4* 
lzilM^Xi.y^fefcir^rtTiJO, JJE»20¥ 
JJEfB 1 commcox 5 7 *JfctWHKftt 

[00 28 3 ZttiZ£<9. %.3mmWm<V!?ti:<bk 

S. Lfc#->T, <-XffittM«#$ftl>£k£& 

yhyVi/X?ifi'&t>ti<k>. 

I 0 0 2 9 3 ±E»302N»fltl<^!5r< fc t»T»(C* 

iixl»^2*lS^^ISr, JJESI 2 

m 2 mmm^ftmwmt mmz% Ktiztiz 
j 9. §12. ^3ff)mmmmmiz^tzmm 

6 i ffct S i k #T* # . 5 h 5 > ^ * <0 

[ o 0 3 0 j jjex s 7 # aj L«ft*» 1 mm* 

Vmtf\ t -7Ztltz#Vi'V osmzX Otitis 
* . JJEJB 3 <7)¥#ft!^x S 7 ? Sr . ±fEx S 
» * SB UMfr&ttft LfcS? 1 #«SMft£ J: o 

Ooo. am^— 7hyy:sZ?<rm*W%t%&x$ 
[00 3 1] ±f2x*7 *5l£iBltffi£*y n y 



[0032] ±JEX5 v^lSHSLlStiKU^'Ja^' 
RfcJ:9ffi«LTfe&, JJE$3 0¥»KlO?fc_kK 

5$ 2 gts^w h - rsn^ #y ^ y a J: "9 tt 
0 . ^fftK-^i^fiffls-ikSiifc^w y ^ y 3 > 

[0 0 33] JjaHRfcxyayaHRfcU. xlSBl^ 
S i 1 1 L . ±1SS2 S- S i G e 

lit, ±IES530¥»*1^S ilk-fiCfcfcJ: 

0 . y 3 yrju xnTu-tzzmm ix^zm^. 

W^fo;^ ^- 7 h 7 vvxtim btlh . 
[0034] *fHH«A>f ,tr-7 h tomScii 

mis m±mimnm*m»z$tsai>??Mt% 
xmt%h%2<r^mmmz>m ( a) ± 

K»2«iNWMlo±lc. ±IES2 WSfrltJiAy 

^fttci •) JBS-tSlS (b) t. S«r±CTIS:^»«* 
M^«6SW4XS ( c ) k. ±KTft«ttlHRt:±Cff 
3o¥»tMifc3W-&IIP*t»*t6lS (d) 
JJE»3W*»*IBodt>±EBBPap«-RrK:fflBtS 
««tlS 1 IWStfliWHIALT . x S 7 ^teiil^ 
ffMt^XS ( e ) k 

[ 0 0 3 5 ] J: "5 . 1? 2^»*1<D3 *>x 

mt. jR3«^*wo^<ktT»k«aat«)fi 

WfcfcV^T, »30¥3WMiO^^»2*^R(*tt 

W^-xl^ofilSacO/hSvvs.rD^^JK-7 h 
9>^^*HI6*i&£kfc:*s: 
[0036] JJglS ( d ) WftTJJEIfi- < e > <7)lu 

(e) t. a©acj;o, ±Ex$7*gi*ajL«ffi+ 
ik^ctD^a-kcto- m3co^si*so»ms 

[00 37] JJEie (d) fcfeV^Ttt, fivM-; 
f->^(cj: 0JJEB!P»*»)«1-4ikCJ: 0. x 7 f 

y?yy-i;<r>iikA,t'%^x$. -/fmLMZ^ti^ '. 
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i o o 3 s ] jbEis ( d ) com. mttzmftm. 
mmz^-->?'ix-?z7mmz-z 7^i#& 

1 0 0 3 9 } JJEZS ( c ) <mv±MJM ( d ) m 

\z . ±uTmmm^±(c±.m 3 ^^m»tMi.^-3 
ssiillkjjkbwi fc as^f*!***** u: 

ft. ±BM«»*llCJJET«*iaiWtKtt6lin 

S 3 ttStt<9HBftfl«»«lfi-t *IB 1 *• S t 

». ±BIS ( d ) *JJBflftfiW*»lftt&Xila 

ftxif a 1 1 i(c. jiieig ( d ) wmz. &witizm 
*m & iws&i&fs&ixm $ uz^ttik izi 

[0040] 

[ m&mmmm) < « i mmmm ) a i 

( a ) , ( b ) tt. *%B'$StCfi& SilSv^lk 

(HBT) T^oT^y^TKU^'JnygHBT 
o^fcjptfKHBL &tfxs?*-*-*«£»tfi5 

[004 1 ] HI (a) t;^tJ:?fc:. SifflSlon 
^a^fi^l 50±(:tt S i xt':?*>-wH4rt J 

iit^ft. £tz. i/^q-M/yf- 2a,}:>H£/ k 3 £T 
* KSEt/T S i 1 ««*fcat4r 

•3HBT»rtMW*RbWflRi3B**l. i^o-M^y* 

2 a fc i "3 , H B Tm.W& RbWm 1 .Ofitt«J* Rel 
kJB2^Stt««Re2ttElS<XT^6. S 
ixtr^dfy^B4rt<7)nv^^afeji»J15<J0±^r 



3l/^!3a4«, »2W«ttiS«Re2ttt3U^^'> 
*-;H3b*«^*i-f/i»»tfeixTV^. Si 
x tr ? * ^ ^ ;M8 4 <r> o l oiSttSi* Rei*>_t t 

tt , x tr ? * ^;Hfi*t J: ot flfc G e 
##Jl 5%Tff*2 0'nmOS i GeX"".-' !M7#& 
ft&*VC^S. ZCT)S i GeX^- ?S7tt. #V><0 

fcfflJfWt £ fcftO t <7)X'3br>X. ^fflW H -7°$ ilt 
^.^TyH-rif A4. S iGe^— ?! 

^L±arO%t*r>t^4^S i'Ge<-^18^' 
S(t4>*LT^I>. dOffl^fS iGe^-^JgSiO^ti- 
I^Onmt. flWS iGe^ISrtCtt in-sit 
u K-fy/ti >9, M)5 ! 2X 1 0 18 atoms • cr' 

*S80Jbfcli. xh^^r^/HK^J: 9»«Sixfc 
Si^+7ri9*«R»t4)*irv^. S i^-r-x7 , «9 
<J55^{±^3 0nmt'. 8 1^+ ^^191*1^. ffifl 
S i Ge<-XM8ftkmffiHz:&Btffi%)2 x 1 0'»at 
oms •. cm- 3 fO,t>Dy (B) i 
7t , S i df-v 77'1 9 W±fctt . 3.0nm^)y 
U n >flHUl3ft»fe*ftT«*lMiR 1 1 miihhXti 
0 . Tfc# Sg« 1 1 S i *+ 7 7*1 9^-aiSr 
»aj$**xS7^B|p*i l ajWtWSivu**. f 

T. Tft^iMtH 1 1 JbfcBlf 'J n y*^^S 

3l*ffiL«iiOtel4. i«fi*&5X10»atoas • cm 
■*ff)NW*WMThh »> (P) *»K-rS*lTV^4. 
-ST. JJESi**y:r«9<O5%X$r*0l!n*l 1 

o frbntmizx *) . ;««J8<9 y y* { H-r$ii^x $ 
f mm 9 aww* jixv^i . it *) . s i * * 7 

7 , 19W4{J{^-tC.t:uy (»«fi2X 1 0 18 atoms 
•cm-!) ^"H-T$nT^I»*\ Si^fA'7ri94 1 

mS7^teSi«9at:fcoT(±. x$7*§l#aJL« 
Si o*»4)ti«tfcy yoigs*>'K-7'$nt^i>4-:D 
yc7)?M<t D i^NKcXv w. xs 7 ^fi£ticl9 a(i 

[0042] ^LT, fflf|SiGe<-^18O0^x 

s 7 ^«aui 9 a^rrartefflat 

^Bint S iXf^yt;H4^I 

3, SiGe^- 1«7, M#IS iGe^-Xl8a 
t/S i^ J T7T190?* > , XS y^3l*BlLWl 0 

Sffci'sKoy ( B ) *H-rS*ufe*M»^-^aX* 
[0043] Sfcfc, Si ^7 7*1903^x5 v ^ 
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&m 9 a mm 1 1 mrmmz 

It ; ffiff S i G e 8 k R tiftSEO#n y # K— 

rSftTUS. Mt^-^lBint fcJMff-*- 

7°B9k«S i Ge^-^*8tCH-5Tyy^«« 
BlinkjWgj£$;h.T^4. **>8*. flSK-AJlO? 

Blinlctt, WMS i GeK-Z!§8tZifX'%< S i 
77H9tfc*t»J:5CJi**|f!lfclWctT^ft. ;<0 

[ 0 0 4 4 ] , JMpC-.Xfi-A«* Bex*) 5 *> S i 
Xt-?*^-wWf 4<7)MIUi v *K#»3X 1 0 17 at 
oms • cm-smmr)Xn>tfV-TZtiT. 

[004 5] XS-y^l^tfiLtffilO^WS 
k. Si* J r77°19, SiGelPSiGe^l 
8&IXS i GeX^-tl7i>4>*fc*«R<0«ilitt 

0, 2 2*Wt^ft.TV^4. 

[0 04 6] ^XAjitfi, BSG (Boron Si 

licate Glass) M*6&tIIBIKIUKl 3.jWbW4>*lT 

0, S i*^77'f 90^<yJyt$<-XlO--S15k& 
S®J^9b, yH3bCfWn|ilt 
S«K3UfflWH*LTiJ 0 , ««i x * 7 tt\ 

0)-&b%:h&&9b, =» V ? ? 7 * -/H 3 b OSlffi 

yr??i'2#saa*iva*.-ifc, viategffii 

[0047] *mtmBfc%& S i Ge - H BTfci 4 
fc , S i * -v >y 7*1 9 O^gP^-^I^-gP k * & $)$ 

9 b <7) o *>Tm mm 1 1 »T*cffi»t4««K: 

tt . tt« WSiBfitw j8K» 2 x l 0 1 8 atoms • 
cm" 3 ) tf\t-7ZtLX\,i&<Vt\ y>^««Blink 
tt. ilff S i G e <-xm8 MIX-* < S i df * «y 7"« 
9 £ i£tf £ 3 K:ffa#|B]fcffi* LT ^ 4 . -f-LT, « 
(2)'fc5rr^-^»ftRB <?53*>yy^^Blink<7) 
jS#Rlink#, «itf4/78*t«Stft. *«>tt ■ 
A. ^-^fiftR;, #J<i4C St ( 1 ) Cjjrf 
H B TOI^MI® f max 0|»Lt*H4 £ k 
4. 

[0048] S i •y'7 , 19^*tHPS^a 
fttfK-rSfrC^** 1 , x 5-/^51* as L«S1 o*> 

<7>x = 7 mm 9 afci$W-£#«S#RlKU x 5 7 
^te«j[19aS^Ett<-X«Bint £li&-f|,»ffi 
l:fcltl.?^!|7D7r A Mis 9&&)7>Y~70)S 



ilb\lbLbt:bW^\ LfctfoT, VSEHfM 
WHfc'fi ±15 1 ifjgc:. 4> 5r v ifc. Si*: 
•v >y TI 9 HzH^X ,x*^ ttftl 9 a k 
<7)fg$ (fl^-*«*0^g5k.fr48«9b) fc^lK 
P N«^»)WKiSSfti fc*fc, x S 7 ^ft^»«*^f 

xs 7? • ^-^S^OWffit). S i 
Jf-r 7 7*1 9 OT*»iU££ii£f S i Ge <-7-l 8 b 
®m&btZ>ZblzX^X&TthZbte%\\ 
[0049] Z\0)£ol,Zs #mmB<7)HBTfc£h. 
if . S/y/yW? y 'J 3 >t§jiar*t4 H B Tfc*sn 

WS^Ji. *-*ffiJt£ffi**4.:k#T$4. i 

JI-f4.Ik#T"£4. ' . 

[0050] Jfcfc. *H»SOS i.Ge-HBT<0« 
JtCSfcOV^WStft. 02 (a) -H4 (d) li, 

*mmw<»s i g e -h BT<r>%mjM%mmm 
x-bh. zno-h. mi (a)-(d)ft im<?>\±t 

htx'(Dj.m^mm. ms ( a ) - ( d ) a. x 

S. -y ^51^ Mi L«ffi<^jfc^4>*a»flJl* *«t4 4 . 
T^lSfcjRtWllH, H4 (a)-(d)iiXS'y 

hm^m^ix'^xmjk^mmmxhh . 

[ 0 0 5 1 ] i-f . H2 ( a ) HSrfXgt; S i «1S 

4. au^^afta^isrt^yviifw 

tn-M/^a, f'f-rM/^ 2b *-7FMU 
H B T»jftffi«RbtSr . x S 7 ^ • <-7-t^ t' 

■ % ft L 0 litoetil 2 nmmRe2b CKBt 

HWRelCttSi 31/^^13 aaWftRSil, ^2^yS 
tt1S«Re2tli3V^ 9*7 t-ivm 3 b#»*3*l*. . 
[0052] mz. 12(b) C^tlgt", UHV- 

fc. Ge(0tW ! l 5%<7)7yh'-7"S i Gelt. 
P SI^TC* ^D^Ge 15%*^ 
0 CJKJWSiH-4 F -rhffifiSiGeHk. PS^« 
«rr*Sdfny^*trK-rhS ilk Sr. #zU&% 

itwuimmixwitti.. * ix, H-7-h s i 

Ik H-r MittS i GeliTV K-7°S i Gelk 
'1 ^aHH*Rel«)Jbfcs S i G e k , P. 
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ms i G e b"-T«8 k . S i 7 7*1 9 k r^BEt 
iCDk ffl^S i GeK-xm^!¥-MmA 0 
nmT\ -e^$«S<i:2x 1 0 18 atoms ■ cm" 3 T" 
fcS. S i **7 7*J|9<0flWi83 0 nmt fO^F 
*6ft»J»4*5l2X l 0 18 atoms ■ cm" 3 t'ibS. 
[00 53] jjcfc, 12(c) tjjcflgr, ^xyN± 
tCjf^ ft 3 0nm<Dy'j3 >8HLJI 1 1 x «r Jtflf Lfc 

xSv^HPtfl 1 aojgs»:s 1^77*1 9?>-s& 

[ 0 0 5 4 3 <WC % 12 ( d ) KSf Ifif. ^xa_L 
12, in-situ H-t'y/fci O&itKcO'jy (P) **F 
-7ZiltzW-frtf%)2 5 0 n me7)NS^-K'J v'J 3 yjR 
1 0 x k . iiAftHffiS k ** y 'J 3 yg-ftH 1 6 x k * 

&ak J: o-Nsrttft ( u >xt«s) * K-rtr t 

[00 553 &K. 13 (a) £jjrfIgT\ 

3 VBttJI 1 6 x , J v V 0 xMfiis >J 3 y 

BMfcKl 1 xfc^-xy/LT. x$-y*fflp&i 1 
a X' S i *f -v 7 7*J1 9 Ic «M 1 4 X S ■•/ 93 1 # » L^ffi 

i ok. TftftiiftMi ik. xs**3i*aju»i 
oiwaxfiasw 1 6 k . 

t 0 0 5 6 3 mz^ 13 ( b ) tSStflS?, 7* HU 

*- ;H3bSr^=S:<ttad7*M/^hll 7B 
SrfM U ^tM/yXMnB Alf&AftllM 
1 6SrV**kLT#ny (B) *M tfy&AfclTSr 
5. ifltCtrk Si*Y77*Jf9. liSiGe'v- 

1 OWWBtfiMt *fS«BexK:tiiKD>*JH 

-rztLi. tlx, zmu<~x^xmmBexcoo 

t>S i xt^y-r;H4'<0Sffi»KUi,.*S>3x 1 0" 
atoms • cm-30jSS^D>^A$nt. JfiiJtU — 

[ 0 0 5 7 ] 13 ( c ) lZ7fitXmX\ 7 this 
i>X hjg 1 7 B m&\m® 1 6 £»* Lfctt . *7X 

[ 0 0 5 8 3 mz. 13 ( d ) fcaStlST, 9 0 0 
'C, 1 5fW3K%feftT. SMMMSS ( RTA ) £fir& 
xS-y^^l^ajtlSElO+^'jySrSi^^-y 
rB9rttfiJffltS-li:T. Si^^-y7'19^9* 5 x$ 7 

[ 0 0 5 9 3 at, 14 ( a ) Cijrflg-C, 



-fat i s&v> y a >mi 1 1 x mm* y f-y/ 

fcJ:9xyf-y/LT, x 5**91* Hi LlftlOOH 
Mk. Si^-V7ri9, fSMS i Ge<-Xl8&tX 
S i Ge^- ^■7*4)4i«lK«iiBkfc, £ft 
^L^'ja^flWMte*^**^ F>7*-^2 0, 2 2 

[0 060 3 14(b) tSttiaT, -7xy\± 
■fcSitt L t S 7 * 51 S £±J tlffi 10k. S i * x 
•y TM9cr>o hmU^-XSW-U k Sr S «W 9 b 
k. 3^^«7*-/H3bko±fc*JMI(«itff- 

7°i9^^*>^a5<-xio-aJk ; sri)Tp.«9b. a 

tf^-* 'J ^-f HI ) 2 1 . 
[0 06 1 3 14(c) fcjrTIfiT. -7xyN± 
BSG|||*^4ira*SS113SriK|-ri.. 

[00623 «fc» 14(d) izifit jmc. mmm 

«13fc, X5>y*5l&ajLBttl0. Si=if^77 c l 
9<0'5^<OJW|K-^«<y)-»k=Srii»«9b, 31/? 

a. &m^\z*v7xry*imkLx\ xs 7 *?i 

*fflL«ffil0-, S idf-V7 7 6 19<73'5*>0^<-X 
l^-gI5k^l»^9b, 3l/??vt-;H3b(?)S 

ffi»i3jfts*tfci'yiM H12 itz%m-&?y<7"z 
t>?5?i 2&m*h. *<o&. jammm 3^ 

1(a), ( b ) Cw-fH BT^ffiii*^J|fl> . 
[00633 4^m^lGlX8(CJ:Atf , 02 

( b ) \,zmimx\ mmmm<vpm$mz$ti 

Si^<yri9t»*L,' 13 -(d) ^tlgf, 
iOS i^^-y7*19<y55t>x57*HP»l 1 acOT 

ftS^, xS7*ffitt«9a«r»jSLTV^6'. OS 

S 1^^77-1 9^0^+^iX 5- y*t£f[S9 
a k 0 . f *U2W*>«* 9 b 14 jM^-XlOHB k 

[0 0 64 3 L^oT, fiHW)HBT<7>rk <7>'H 
-7^S i 4f-ryTl*«Rft4><irv^4(y)KJk^T. 

*T*>6 'J y?«HBlink^Bjt««M-6; k^T 
*JHBRme>H B T<o«Jt^t«t 

0 . ±^rk < . ft^jysHttikfnx <y)*^. ffi^ 
h. 

[006 5 3 =5ri3. ^Om^HBT^ixatC^ 
IVC, 14 (a) t*tjKny<0^3i-yaAXSH** 
LT t iv\ S i =»r^ 7 7 , 19lC^IS<7)^oy^H- 
7* § fit o |,<7)T\ ttaK-X&TJM! Bex*q?4 LT 
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o&< x b . i«B<-^Jiif(t«aat*fr+»^s < ts 

[O0 66] 02 (b ) CSttS HMr 77"JB9 
COXt^x-v/V&gcOfSI, in-situ K-TKjc-oT S 

1 4f+ •y7 , «9£ftfc>Kn;<i K-7**asfcB{ifc< . 

s i df + 7 ri9^4< t i>Tmz#o>i V-Tl 
Tfcftif Jo. >WH^tfc , f flSWfcWffllcJ: oT 
tfoy#s i^77l9fl£±#ct£ijrtS0T\ # 

[0067] (m2cr>mmnm.) 05(a), ( b ) 

it: *ma9mzthi s i x s ? ?m t s i g e 

1 fc £ =W I) D A>f ;K- 7 h 7 >- ? ( H B T ) 

-5 T r?M$ y ^ y n yMH b T4>*3i£ *f Kif 

0, SI/I 5 7 * - *-*«^fti60«3i* ffi* Lt 
[0 0 68] 05 (a) (C^-ti^G. S \W&\<no 

ffil^arEIrf S tmbOis* v-hU>j-2 a j&*Rft& 

*tll^t S i St 1 OK* Wttft T 4 -7' h U 

2 b jflBHt &*IT OS . £<7)t -f -r H^>f 2 b 
")HBT»)fi««Rbt}OTRi)li4il. Sz-ro-hUyf- 
2 a K J: 0 . . H B TJgffclSK Rbttfl? 1 OvStt^ Rel 
fc£20gttfHWR«£fct::KBS*l"COS. fU. s 
i x tr ? df v-wH 4 Pwz u 7 fWhjL&M 5 co±^r 
CfilflM-ftWWcS^T . $ 1 WtSttSWRelfctt S i 
3U?*JI3a:&^ ^2^vi§ttnl«Re2t(i3V^^7 
*-^13b3&«-f-il^ilRft6<lT^ft. Si 
XVf^isvlV-mWo fcSS 1 0>}SttfB« Reltf5x.£ 
ti, xt^^y^^jfi»:J:-aT}BRS<l^Ge*inis 

1 5 2 0 nmOS i Ge WI7 #i£ 
'ffoflTOS. -«0S iGe^- 9-07(4, *'oy(0 
JfitttClS^XT-f 7^A*y7 (S*A'»JT) CT>%& 

zwifflt&tzfrcDiiCox'hix. tohw K-rsii-c 

IrvSrorvK-TTl'CfcS. SiGe^- tl 
7<7>±£14. Gett^'l 5%frb±Ulzm^X® 
'> L1MT 0 % fc X Ol, m S i G e 8tf 
mthilX^l. 10>$ms iGe<-7.18^J¥^{4 
174 0 nm?\ &$S i Ge<-^l6rtfctt, in-sit 
u H-ty/fci 0. ?IS* { 2X1 0 !8 atoms ■ cm^ 
VtfayimXZtlXm. $biz. ®®S i GeK- 
xmsvBzii. xK**S/**rt*teJ:D»rtS*ufc 
S i*-V77*l9 a&WtfcflT OS. S idf-v 77'19 
<nW-M±®3 0nmX\ S i yri9rtfcJi. 
SiGe*-*l8P3fc|3|«£, »!&WKj2x 1 0"at 
oms • c m' 3 W>oy ( B )■;&*!*— 7*5 iVCOS, £ 
fc. Si -v 7 7*l90±fci4. J£&#sft3 0 nmc7)i/ 



0 . T»*BMUI1 1 fell. S i *x-y71f9ff)-&Z 

L?. T^^K-ftMl lOxSv^Bnai 1 a£g#> 
*jK'J >-y ^ y*»<5»iix 5 7 ?^\* ai LtRffi 1 0#t£ 
»t^ft.T04. x* 7>9l*ffiL«ffil OCtt, >IUt^ 
5 X 1 O^atoms • c m-3<0NS?WflrC*i 'J > 
(P)#H-r$ilTV^. ±feSi^A-77JS 
9.^7 *>X5 y^DDff 1 1 a^T*KfflflHr*«*t 

t±» x$.y?3i#ajLm®i o*^^^£licJ; , }, »s 

g^'J >'^'h'-r$ft^xs 7*88*9 a*%M$ft . 
TV>S. •) . Si^f-v v7l9(Ctt(iB*-ICjKo 
> («*»2X 1 0 18 atoms • cm" 3 ) * { h*-r$ilT 
OS* 4 '. S idf-r-y7*194'c7)X5 7*Si;Hil9ati : 3 

orti. x$7*gi#ajL,«tti ofrt,m:Uzv y<?> 

SS* 4 >'-7'$ilTV^4t'ny^j8SJ: 0 bT^Cao 
C0X\ 15 7 **£»*? a<iNfitRlsLT-V>6. 
[0069]^ T^SSg-ftli 1 1 fllfctt, PS^F 

K-r$ft/c^ y y 3 § 
*l«S3 1 xy 3y^ki*^^smsr«i 

Mam l a^JJSr^fiJItSffl^MiHPSiiTot. 
^-^?lt=aiL«ffi21 St^«^H*6^/i 3 2 *i: 
tt, KftBtlT'f K^*.-^3 3^»ft4»/i. *4»JC. 8 
ttB*M F * -)V 3 3 «±tdf 'J v 'J 3 y-f-f H 7 * 
-^3 4^'IWt^fttOS. %LX. ±iiOxS.y*5l 

sasLWEi on. xs>y*isp»'i i a&aft. ^y 

y'J^yt^f K7t-/W3 4SU r BEiLi-f-< F7^-/U 
3 3&flW,t^-^9l*ffiL«ffi3 1kitmLTV»4. 
o^D, IWIJW-'f H»7*-;P3 3fcJ:-jT. x$-y* 
31 » US U«S 1 0 k ta LIS 3 1 fc 

5 7 l# tB imffi 1 oKjo^ttwffift^HjhSiiT 

L«S 3 1 x S 7 * * L«S 1 0 fc ^So 
fiie»Sii-Cos.. 

[0070] -?-LT, ffiflSiGe^-AlSOd^x 
S •y*«»Ji9 a^iET^t{»[Stl»^* I *'i4<-X 
IBintffcS. SiXt?^df^;H4WfEffi' 
gp, S iGe^- ^17, JI^SiGe^-^18S 
VSl*r*yTM90>l*>, Tft^lMUtl l'mUlZ 

mtmrnzi^ a *y&?^zx o pm^mx-hh 
m&ztix os . £w^<-^axfiJSBex^hai<. 

[0071] *4>t, S i Jf^77°1907^X$,/* 
mm 9 a «0fflWA>oT» & IMt! 1 1 «T<0«l«te 
14 . fi#f S i G e K-XM 8 fc ft t«a^>#D >"* J H- 
TStlTOS. LT, Xtt^-XlBint fc?FgB^- 
^aAfSWB«fcttt4ft.S<S«t:i30-c; Si^t-v 
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719 klfflS i GeK-ZMStfc-BiTVytmi 
BUnkiffilSLZtlXVh. *Ot», *M|5*-A«<D3 

■&*>t**hhi«i lwrtttii/c^ii/j^ira 

Blinkte, fii(S i Ge<-;U18>i*tT'&< S i 

[ 0 0 7 2 3 frfc. tW*-Z&MmBex0)it>S i 
xtr^df^;H4^sg5{i:, iiS* 5 *-)3x i o i7 at 
oms ■ c m-*gfltf)#o>T&< Y-TZhX , 

m±i§b%->x^z>. 

[00 73] ttz. x;$ 7 ^5i*aju««ioaif«ffi 
isne»S3 2^iiffli. *-*3i&ajLWi3 1 m 

[00 74] $ ^XAjtt(±, B SG (Boron Si 
licate Glass) ■*6ft*linie)tRl 3#f£lt£iVC 
H*. *IBBaSB!l3(c*i, x$.y^?|#tliLlffil 
0, ^-7xfl£ffiL€&31 , 31/?*?*-JH3b 

Ki4, xS-y^flfctiJUIffilO. <-x3l£ftLm® 
31, 3W^^>>*-;H3bw«ffi»t»ifi§itfc*/' 

vfx^rvyy 7 l 2 (cggg 3*i*&«ffi« 1 4 
[00 75] *gtfflBBfcff* S i G e - H BTC J: * 

t . ±ien i emtmrnvm b t t pwtc . s i * ^ 7 

7°B 9 <a*MSK-XJBtf>-S 1 SrSlgiS 9b«o *>T!fc 

Otfny (jMK52Xl 0 18 atoms • cm-sjfr'h'-T 
ZtlX^&ftT. yV^WWBlinWi,. WfflS i Ge^ 

-xm 8f3ix-Kc < s i •* 7 ri 9 2- t-Srtt «k 3 tJf 
*#l»lfcte*LT^4. « < 2 ) 'fcjjrf-*-* 

©tftRt oa^'Jy^^Blink^^Rlink^ 0U 

MA/in.mz\m-t *. *-*ttfitR, a* 

S (1 ) k*tHBTOfc«a5fl» 
ftfiax *>|6]J:£HS 

[00 76]-^ Si** ?7«9£ft(CttPffi*« 
ft#K-7Sft.TH4#» xS^ISiHUffil OP 
&aN&TOfflP9f£tt£J: v\ x$y?j£Stl9a(:fc 

xlBint SraaTftaffllrliiHi3ttS^«*7 , 07T>f 

AsHmZbtcW. 4fcs S i 77'19 rtlCiSWC, 
X $ 7 *ftttl 9 a t W^^fWS ( </\-®<~*m 
-»J:4ftfW*9b) fc^iatcPN«^a*qg«5*i6 
fcfcfc : x 5 7 ? «^S**^R=JtjDt £ #*ftfx = v 



ttRfi <9<It4t2fcX,£:'f*«f£g^\ ifc/iin 
• <-X«£'tfDBffi t , S i df'-v 7 7*1 9 0)^%&m 

[ 0 0 7 7 ] ^COJ: o lZ s *HSt^@«H B Tfc 4ft 
If , ^r^Jl? 'J i< 'J 3 yflJitS-qltS H 

max ^JMtc t . (BSWftt t * J t'^ & . 

[0078] ^mtmm^s i G e - h btom 

aCDSdO^TRW*. 06 (a) -08 ( d ) 14, 
*K5SBBJB<0S i G e - H BTOMiSlg^^tBrE0 
"C"*« . *<?)0h. 06 ( a ) - ( e ) {4. IS^{4 1 

2»4T'Ol8^^ISitHl. 07 ( a) ~ ( e ) {4, x 
57^ BBPS«jEJjfo&> ^.^SKftl^itai- S % X'OX 

mzTTstmmm. ms ( a > - ( d ) «, x s 7 

[0 0 7 9 ] 06 (a) ^-tlST', S iSS 
It. NS^Jsfift (Wttf'j^) oaACkOa^^ 

«W«SiXtfdfi/^«4l£BIM-6. ^ 
^•D-M/yf2a,' r-f-ThU-yf 2bS:ffMt, 
HBT^Bit^Rbt^, XS 7^ • ^-^«^t'Sr» 

* ffi L tff & 3 fctfxAS 2 <0Stt««'Re2 1 CKBt 

i>«oi Vx sixe^-/t;H4^)?*)Si(i0{Stt 

^ttRelCttS i WffMl&lfim&Ztl. W>2^ 
<&Wm Re2CC(4 -;H 3 b ill, . 
[0 080] mz. 06 (b) taStlSr. UHV- 

tC, Ge^Wl 5%WyH-7SiGelL 
■PffFHBrC* ^'oymGe 1 

lfcH-7MW&S i GeMtTy^-rS iGelt 
$rA'^--y/tT, S l3X?*'>*n>n40)3t>n 

1 <^)ffittfil«Rel<0±{C. S i G e X^<— 7 t , ffl 
ffiS i Ge F-7"J18i:, S i 77"^9 1 2r^-f 
4. £0>ifc. fflflS i Ge<-X18<T)J¥^{4^4 0 
nmTs f^ltWS(42X 1 0 18 atonB • cm' 3 !' 
*S. S i ^-V7 7°l9c7)i?^(4^3 0nm-C\ ^<0^ 
T$fe?I«{4*-J 2X10 1 8 atoms • c nr 3 T"#> 4 . 

[0081 ] <>:t, 06 (c ) fcjrflgr, ^x>\± 



<& 23)01-319936 (P2001-31PT8 



fc, x-yf-Xh yrtk%l&&1Wj3 0 nra'Oi/'J oy 
■HUtl lxi«BWt. 

[ 0 0 8 23 act, 06 ( d ) KSttlST, y'J^y 
KftKl lxO±fcRltfc7srhl'J/**hltl7C*7 
X7<hLTEV>T, ^yayUHtltl 1 xtH^'fXv 

0 iOt#, Si ^+7^19, ffiffSi 
GeK-XlSat/S iGeM- tlT^+^Sii^ 
'Ja^tKl 1 xlz£-oTmbiiX&>9. 
mom 0 fcti S i ? 7T| 9 . • flfl S i G « *C- 
^I8MS i Ge^-t^WjSffla&tfBajLT^ 
S. R^T. 7* H/^Ml 7C£fC9££&A7 

y&A£ffK Si^-yyrJB9, Hf4S.iGe<-7. 
18, S iGeX^- frl7&tfS i xtr^^-wWf 

^■4©IHfiaW:tt, ^3X1 0 )7 atoms • cm'^i 

ft. 

[ 0 0 8 3 ) &fc, 06 ( e ) C^tXSt', CVDfc 
iOv ^xA±tS«JK^Dy (B) mxZtitdS. 
5*51 5 0nm^1f'J^'j3>JR3 1-xfc, WSIU 0 

0 n m*>y 'J 3 >m§!3 2 x fc fcJRWMtt* . ft 
fc, H^X-yf-^fciD, ^'J3>BHkR32xfc 
jKU^'J3yit3 lxt<o+*«K^ ^yayBHblli 

1 xfcjt1N&X$ <y^ggnS53 1 aS-Jgfitf ft. ci^x 
S'y^iBPSI53 1 a(±^'j3yK«l lx^ii 
0 < . XS 7 ?ffln®3 1 a^-XtliMP 

[O0843 &fc. H7 (a) fc^tlgT, CVDfc 

ItJf^^l 5 0nm<3tM F^*- ^ffl.ff'J^'J 3> 

9 , ^ y 3 y KflJS&tf 1M H *) t ->l%X VisVay 
Ml? >y 7 l-T . 'J x 'J 3 ym 3 1 x&tf y ij 
3^K«3 2x«li 7>iana53 1 ag&tt&flR 
±fc, BtffcihM H?*- /U3 3i:^'J^'j3y-t>f H 

I O 0 S 5 3 &fc, 07 ( b ) fcjjrflgt', 7 yMff 
fci&^xybx.y^yT^ffK ^ 'J a ylJHfcK 1 1 

#&R££-tft. lC0t#. x5 7>BHP«3 1afctJ^ 
T. Si^7ri9^'Stlltl.. 4fc, 7x 7 hx 7 

ztu &±itzi'V?yj&<mi i xort«H*«. m 

W*x$.y^BHDSl 1 a*J(Wt*. 
[ 0 0 S 6 3 07 ( c ) fc^tlST, nrnso 
y >- ( P ) S"£ttJ¥S 2 5 0 n mO*-'J y 'J 3 yR 



fcJfRLfctt. 7t hUvXH£l7b£7X7fct£ 

K7^x«/f y t'k i -o tjk y >- y 3 y m w - - y 

fto 

[00873 &fc. 07(d) fcjjstlg?. 7 * 3»V 
i-'X Fill 7 D &m Lfctt. Iffc*7 * h hj£ 
l 7E£-?x?>tft H^^x-yf-y^tJ: 9, ->'J3 
fiWHI 3 2 x . y s/ y 3 y$ 3 1 x& Vi> y 3 y& 
ttMl 1 x£A?-xy?*LT. *-*9l*atl4W3 

-x3l§ aj LSfiB 1 »T»t:»ttt4T«>IWtK 1 
lt*6*#JS«'K0»#«rl»*t*. 
[00883 <WCs 07 (e) fcSctnST, 7* M' 
^'X KR 1 7 E £11* Lfcf*. -7XA±«Sfflit« 
18*»*t&. 

[00893 <Xl^ 08(a) t*tIBT. 900 
•C, 1 5fMao*frT\ SUMS (RTA) t'ff* 
-»T, x$-y^§|#tHll1il0 4 3 ^y> / SrSi^-V7 
7*19rtt:Jfi»S*T, Sidf^-yri9^3*)XS.y 

^mnasi i avTxmmiffimz-xzymm 

. 1 0 0 9 0 3 *(C» 08 ( b ) K^tlfsT, SlfflS 
-ftfflt 1 8S^ v y 3 yBMtM 3 2 x £M^14x -y f->^ 
{ciOxrf y/UT, xS7^?l$tBUmffilOt< 

-xai^ aj lm& 3 1 1 nmizmwmm 3 2 

tSfckfcfc. x5??3liiBl«10AZfltHaft 
»K3 2«jffliBt. ^-X§|§aJLSffi31WWt 

I 0 0 9 1 3 »fcs 08 ( c ) fc*-fIgT\ 

fcsaiL-tv^x$.y^iiajLmffiiok, ^-^gi 

^HlL®Bi3 1t. 3l^^^»>*-;H3bt<0±fcJi 
»»4 0nm«^yR«rJHiUfctt, ^«fc±D^- 

^vt^yayt^REs-frT. x$7^i^aitms 

1 0, ^-x3l&HiL1W3 1. atX3i^?^^^-;i- 
■ 3bO±fc. x»J-t>f HI (t^^y^ HI) 2 
■lt»*f4.. 

[ 0 0 9 2 3 mz. 08 ( d ) fcwtlg?. >7XA± 
fc, BSG|«^*4«iatBI*ltl3S:iSSM-S. 5^ 
fc. 3fc, X5 v^5l#ajU«Sl 0. ^ 

-^9l*ajL«ffi3 1 , .3V^5">*-/H3bfc^h 
WJ*tl»^?L£ffMU^, mmilzfy?* 
TyZM#)jLLX\ xS-y^?l#aiLlffil 0. 
3ISajU«fi3 1, 3l^?'7t-/H3b<7):£EigEfc 

jfMSfL^^y-t^ YM2].i / z%tetz?y?zfyy 

=>7\ 2t»*f4. JBiatUSKl 3<7)±fc, 

^^y/xt 2 fcgi $ iii. 5 x^ 

( a ) , C b ) fc^t H B TWflKfcftWR't ft . 
[00933 *HS6^1<7)S?JiISfci:fltf, 06 
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(b) \z7FtTMz\ mmmvpw^mztts 

S i 7 7°19 tJKSL,' 18 ( a ) GStHM"^ 
COS i^+77°Jf 90')*>Xi7?l3Pg|51 1 aOT 

0, Si^+7 7"l9^0*>*^{ix5.y^teS[l9 

at^o w^oim 9 b im%^-zmn-u b tc 

[00 94] L^oT, fi!3|WDHBT<orfc<7>' H 
-7'OS i -y rijWRtt^iltV^^Klfc^-C . 7*1- 
^-*Jl«3t)T*£ilHl:Kl l<0T2ffcffiOT 4* 

$ ( 'J y^flW)' o3&M£<e$<t4 - bittt h . t 

*^WJ.<OHBT<7)Mjt^ffiHJ:0. ±3tO 

H B T £ - 1 #T'S I) <0T*4 . 

[ 0 0 9 5 J sfirfc, *gfflg!B<?)H B TOSJBISCfc 
HT. H6 (c) t^-jtfnyw^^yaAISH«« 
UTt> S i *A>vTg9£«if|g<9tfoy#K- 
T£*lT ^40T\ BcxjWWe LT 

[00 96] 4*; 116 (b) 'fcfttS i*wT!§9 
OXt'^^A-J&AOiL in-situ h'-Tti'-JtS 
i »rl9A*f£jKDy* K-rt&'J^lift < . 
S i =*f -v b tTaWCjKn^* F— 7*L 

z<wmz>zb\m&x'hh. 

[ 0 0 9 7 ] <JCfc, *?»H B T^aWUfcBW"* T-. 
^CoHTRft4.H9(a), (b)W110 

( a ) , ( b ) (i, *«W0S!«S*^f fc«)(?)S i G e 
- H B TBriBl«ac*J(t4*-^«8i*BE^* /Sa 
U-^9^LfcSft*SrtS|-C*4. 09(a). 

( b ) tiWf fti Si^-y rmoWX-tfiO nmOS 
-&^*j{tl>^5j.U— ya^i^U 19 (a Hi 
S i * «y TlKfcftl, #D 1 X 1 0 1 7 atoms 

• cm-s^, H9 (b) {iSi4f-r-y7HttiJt* 
#n>i&&tf2x ! oi8 a toms • cm'^i^HW 
torcf. ttz. SI 0 (a)., (b) tetvffttS 
•V 7 7'lOJf^ 3 0 .n mO^Kfc ft 4 x $ a U- - x 
g L 110 (a) {iSi4-V7TlCi3ft 

4tf'ay}!U£#l x 1 0 17 atoms • cr 5 ^, 121 

o(b) lis i •>ymzmixz» ; m.tf2 x 1 

0 !8 atoms • cm-3<^i§££^ftftl*1\ 
[0098] 19 (a) fcSSiUJSfc, Si^7 
TBlZtHi&tfvymg.tfl X 1 0 17 atoms • cnr 3 0 
S i •jr7 , Jffc*i*)-r*»L3&»*-A€S6& { 
SSBh.-**ti /l^SEs&Hfi^S iGe<-Xfr 
3I»LTV>4. o4 9, Sidf^vri03t>T»*K 



HM&l/avfrn. LfcsPoT, yy^fWBlinkfcfcft 

I. ffiffil£# R 1 i nktf&mtt £ C V* tX'hl . fc Co 
#V 19 ( b ) fc*S*l6.i^ fc, S i 7 7°lt*3 
ft 4 *D y Sgg# 2 X 1 0 1 8 atoms -cm" 3 O^fc 

II. S i yTJffcfflffS i Ge<-XBtlZ%>-lZ 
*-/VfR#WlT H 0 , S i df -V 7 7°l0 3 *>X $ 7 

ftmm ix ^iib tfhtfh . tfc* { o t . jm**-* 

l+O 'J >^«*Blinkfc**t4iaW*Blinla6H-* 
*3<&4. 110 (a) , (b) ftSV^fcJt 

[00 99 3 11 Hi. *JHBW^WfU>' , J 
3 >1H B TO S i -V 7 riCfclt* yen K-7' 
«Ki/?^t^t$-ti-^i:§03^7^m8E (A). 

t. «apFwsffn»ftfi bcommm^trnxh 

■4. HEBBCJS^T, ««43l'^>tal (A) 

imbA,b'1&Tl%^ZbtfhfrZ>. 
[0 100]112fi, Si^-vvrifCtSttS^oy 

(V) (CMt4<-Xm^ (A) OtfcStt^i^- 

(V) **u ififlftti^-xsgj (A) 
LT^S. CCT'fi, X5?*ffi«t«&0. 2^m, X 
S-y^^ft^l^ot^Lt^SaP-xgy^ 

S i **»/7mff)tfuyW£S:ft<+&t* < 

tOt^^-XHE^ 10 mV|S/h§ < ?joT 
^4. CilCckD, ^-XffifitRe OOQ/iftffi 
M$ix. * ( 1 ) l^t«ycjSBrSa»f «x *<|6]±t 
4itt:^4, 

[ 0 1 0 1 ] iO<fc 0 fc, *»BBt i 0 , SJSftflfttO 

[ 0 l 0 2 ] Sr*j. ±E«HI9Kit14, ^-7 h 

Ha-ft; b i c m 0 s wu #-5«Ns*»5ifc J: 

[ 0 1 0 3 ] *fHB<0*HiBBST(i; NPN 

i Ge-HBTSrWztoTtftBJU^*. PNPS 
S i Ge-HBTtOUTt, WieffltUtC 

[0 104 3 4^, JJ34HaBI51fcfev^tt. ^-^ 
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i ( S i G e XI— tM&VMH S i G e <-XM) £ 
S iGe (c «t 5«L/i\ S i GeC, h 

h v^ti S i t l±A'y H 7 r^*ft «W>*W*tW 

[0105] 

i t % l* 1 OiNWWoit . « 2 g«M*fcEl 

mmm t>-»cs 1 m^wtmzmx ltx 5 7 

fcZixt^TVtUX-yYyyVZ? OWk £ 0 1> Z 

[an ( a > , ( b ) a. * 1 commwu isv 

x = 7*-<-Xg^tfiS^i&£fiycLT^*»# 

[02 ] ( a ) ~ ( d) (i, g iv>mm®m&m 

»t«!!W s * T*eox££^-fffl™0T- . 

[03 ] ( a ) ~~ ( d ) li. m 1 <^HS3B«W«JSXS 
[04 ] ( a ) - ( d ) te, £ 1 flJS^BSRWSiilg 

->vmim*tMm<mm wimt stints 
[05] (a), (b) ti, m2<n%mmmz&iy7 

[06] ( a ) - ( e ) tt. «2«MGNflDtIi 
«pt>*iW>3&>4.ai/^^5ISaiLtfitxS7^B!!P 

[07 ] ( a ) - ( e ) (i, »2«5t*3g®<0«aiS 

[08 ] (a ) ~ ( d ) «. »2<0lQKI5»<0iatDS 
<?)e *>x$ 7^»l^RK^4>E^OffMST'OlS 
£^fBrffl0-CJbl>. 

[09 ] S i * * «t?WMh#2 0 n m<DJ§££fcft 
[010] S i * * 7 TiavMXtfi 3 0 n mOi^CS 



[0ii] 3WWB«yrA*y ^ 'J 3 >ih btos i 
[012] s i * * 7 7HK*rtt * *o y a) H-ras 

iiS^i £gtt£-ttt: fc (V) tj^-s 
( A ) <7)ft?Ftt£ ys^-y 3 y LfcS* 
£jjrf0?$>*. 

[0 1 3 ] ( a ) , ( b ) (4. WkVvVfiW) is» 
3 y^^S i G e - H B TWflBt £ >S-tBrHH. &tfx 

[014] ( a ) , ( b ) j£ .t^^rwu x 'J 3 

yS«?) SiGe-HB TfJllJt* StffllfflEI . SVX 5 
•y ? - .^-Xft^mtifiWJit Sr LT 
0T'J>l.. 
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(54) BIPOLAR TRANSISTOR AND MANUFACTURING METHOD THEREFOR 

(5.7)Abstract: . . 

PROBLEM TO BE SOLVED: To provide a hetcrobipolar transistor where 
the resistance of an outer base layer is small and a manufacturing method of 
the transistor. < , 

SOLUTION: An undoped SiGe spacer layer 7, an inclined SiGe base layer 8 
where boron is doped and an Si cap layer 9 where boron is doped are 
sequentially installed on an Si epitaxial layer where an Si sub-collector layer 
3a is installed. A mat oxide film 1 1 is installed on the Si cap layer 9 and an 
emitter lead electrode 10 filling the emitter opening 1 of the mat oxide film 1 1 
is installed. Phosphorus in the emitter lead electrode 10 is diffused to a part of 
the Si cap layer 9 and an emitter diffusion layer 9a is formed. Since a link area 
Rlink positioned below the mat oxide film 1 1 in an outer base' layer is formed 
from the inclined SiGe base layer 8 to the Si cap layer 9, the outer hase 
resistance is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The ! st semiconductor layer which functions as a collector layer which is prepared on a substrate and contains the 1st 
conductivity-type impurity. The 2nd semiconductor layer which is prepared on the semiconductor layer of the above 1st and 
contains the 2nd conductivity-type impurity. The 3rd semiconductor layer which is prepared on the semiconductor layer of the 
above 2nd, consists of material into which a band gap differs from the semiconductor layer of the above 2nd, and contains the 2nd 
conductivity-type impurity in the lower part at least. The underlay insulator layer prepared on the semiconductor layer of the 
above 3rd. The emitter drawer electrode which is prepared in the above-mentioned underlay insulator layer, is constituted by 
opening which reaches the semiconductor layer of the above 3rd, and the conductor material containing the 1st conductivity-type 
impurity, buries opening of the above-mentioned underlay insulator layer, and contacts the semiconductor layer of the above 3rd. 
It is the bipolar transistor equipped with the above, and the semiconductor layer of the above 3rd has the emi tier-diffusion layer of 
the 1st conductivity type located under the above-mentioned opening, and the semiconductor layer of the above 2nd is 
characterized by having the intrinsic base layer which touches the emitter-diffusion layer of the semiconductor layer of the above 
1st. ■" ' • 

[Claim 2] It is the bipolar transistor characterized by the concentration of the 2nd conductivity-type impurity of the semiconductor 

layer of the above 3rd contained in the lower part at least being substantially [ as the concentration of the 2nd conductivity-type 

impurity of the semiconductor layer of the above 2nd ] equal in a bipolar transistor according to claim 1. 

[Claim 3] It is the bipolar transistor which the above-mentioned emitter drawer electrode is constituted in the bipolar transistor 

according to claim 1 or 2 by the polysilicon contest film with which the 1st conductivity-type impurity was doped, and is 

characterized by the emitter-diffusion layer of the semiconductor layer of the above 3rd being what is reversed to the 1 st 

conductivity type with the 1st conductivity-type impurity diffused from the above-mentioned emitter drawer electrode. 

[Claim 4] It is the single polysilicon contest type bipolar transistor characterized by pulling out the base electrode in the bipolar 

transistor of any one publication from the field which the above-mentioned emitter drawer electrode is constituted by the 

polysilicon contest film, and is located in a way outside the above-mentioned emitter drawer electrode among the above 2nd or the 

3rd semiconductor layer among claims 1-3. 

[Claim 5] It is the bipolar transistor characterized by equipping the above-mentioned emitter drawer electrode with the base 
drawer electrode constituted by contest polysilicon by which it is constituted with the polysilicon contest film, and was prepared 
in contact with the portion located in a way outside the above-mentioned underlay insulator layer among the semiconductor layers 
of the above 3rd, and the 2nd conductivity-type impurity was doped further in the bipolar transistor of any one publication among 
claims 1-3. 

[Claim 6] It is the bipolar transistor which the above-mentioned substrate is a silicon substrate, the semiconductor layer of the 
above 1 st is an Si layer, and the semiconductor layer of the above 2nd is a Side layer, and is characterized by the semiconductor 
layer of the above 3rd being an Si layer in the bipolar transistor of any one publication among claims 1-5. 
[Claim 7] The manufacture method of a bipolar transistor characterized by providing the following. The process which forms the 
2nd semiconductor layer used as the hase layer containing the 2nd conductivity-type impurity on the 1st semiconductor layer used 
as the collector layer containing the 1 st conductivity -type impurity on a substrate (a) The process which forms the 3rd 
semiconductor layer which consists of material into which a band gap differs from the semiconductor layer of the above 2nd, and 
contains the 2nd conductivity-type impurity in the lower part at least by epitaxial growth on the semiconductor layer of the above 
2nd (b) The process which deposits an underlay insulator layer on a substrate (c) The process (d) which forms in the 
above-mentioned underlay insulator layer opening which reaches the semiconductor layer of the above 3rd, and the process which 
introduces the 1 st conductivity-type impurity into the field in which it is located under the above-mentioned opening among the 
semiconductor layers of the above 3rd, and forms an emitter-diffusion layer (e) 

[Claim 8] In the manufacture method of a bipolar transistor according to claim 7 after the above-mentioned process (d) before the 
above-mentioned process (e) The process which forms the emitter drawer electrode containing tlte \ st conductivity -type impurity 
which carries out patterning of the film, buries opening of the above-mentioned underlay insulator layer, and is prolonged on the 
above-mentioned underlay insulator layer is included further, a substrate top — a conductor — the above after depositing a film — a 
conductor — The above-mentioned process (e) is the manufacture method of the bipolar transistor characterized by being carried 
out by heat treatment by making the semiconductor layer of the above 3rd diffuse the 1st conductivity-type impurity in the 
above-mentioned emitter drawer electrode. 

[Claim 9] The manufacture method of the bipolar transistor characterized by forming the above-mentioned opening by wet 
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etching in the above-mentioned process (d) in the manufacture method of a bipolar transistor according to claim 7 or 8. 
[Claim 10] In the manufacture method of a bipolar transistor according to claim 7 aJler the. above-mentioned process (d) a 
substrate top — a conductor - this the insulator layer for masks and after depositing a film and the insulator layer for masks, and a 
conductor - with the process which carries out patterning of the film and forms a mask film and an emitter drawer electrode By 
performing the ion implantation of the 2nd conductivity-type impurity by using the above-mentioned mask film and an emitter 
drawer electrode as a mask The above 2nd, the manufacture method of the bipolar transistor characterized by including further the 
process which forms an external base pouring layer in the field located in a way outside the above-mentioned emitter drawer 
electrode among the 3rd semiconductor layer. 

[Claim 1 1 1 The process which forms a wrap mask member for a part of semiconductor layer of the above 3rd on the 
above-mentioned underlay insulator layer before the above-mentioned process (d) after the above-mentioned process (c) in the 
manufacture method of a bipolar transistor according to claim 8, By performing the ion implantation of the 2nd conductivity-type 
impurity by etching using the above-mentioned mask member, using the above-mentioned mask member, after carrying out 
patterning of the underlay insulator layer so thai a part of semiconductor layer of the above 3rd may be covered The process 
which forms an external base pouring layer in the field located in a way outside the above-mentioned underlay insulator layer 
among the above 2nd and the 3rd semiconductor layer, after formation of the above-mentioned external base pouring layer, and a 
substrate top — the above — a conductor - a conductor different from a film — the conductor according to above after depositing a 
film — with the process which forms in a film opening which reaches the above-mentioned underlay insulator layer The process 
which forms the side-attachment- wall protective coat of wrap insulation for the side of membranous opening is included further, 
the conductor according to above - the above-mentioned process (d) while being earned out after (he process which forms the 
above-mentioned side-atlachmcnt-\yal] protective coat — after the above-mentioned process (d) — a substrate lop — a conductor — 
after depositing a film - this - a conductor - the manufacture method of the bipolar transistor characterized by including further 
the process which cairies out patterning of the film and forms an emitter drawer electrode 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 

1 .This document has been translated by computer: So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the structure and the manufacture method of an element 

of realizing highly efficient-ization of a bipolar transistor. 

[0002] 

[Description of the Prior Art] While reducing base capacity by forming an emitter layer and an external base layer in a 
self-adjustment target conventionally, development of the self-adjustment type bipolar transistor which is going to raise the 
rapidity of operation of a bipolar transistor more is furthered by making base resistance small. 

[0003] Maximum oscillation frequency finax of a bipolar transistor In order to aim at improvement, as it is shown, in the following 
formula (1), it is the current-gain cut off frequency fT. Improvement and base resistance RB It turns out that reduction and 
reduction of the capacity CBC bet ween base-collectors are effective. 
[0004] 

fmax =root (IT / 8 pi-RB , and CBC) (1) 

fT : current-gain cut off frequency RB : Base-resistance CBC: It is base resistance RB also in an improvement of base collector 

junction capacity above-mentioned each parameter. Decreasing is a technical problem from a certain thing also with the most 

important effect of improving a noise properly. For that puqiose, it is required not only the reduction in resistance of an intrinsic 

base layer but to realize low resistance-ization of the external base layer for contacting a base electrode. 

[0005] Moreover, the hetero-bipolar transistor (SiGe-HBT) which used for the base layer the material of the SiGe system which 

is an IV-I V group compound producible on a silicon wafer attracts attention in recent years. 

[0006] SiGe-I-TBT is the thing (L.Harame et al., "Optimization of SiGe MBT Technology for High Speed Analog and 

Mixed-Signal Applications, "IEDM Tech. Dig. 1 993, p. 71 .) of the inclination composition base structure to which turned . 

germanium content of a SiGe base layer to the collector side, and it was made to increase from an emitter side gradually: It is 

typical. 

[0007] With this inclination composition base structure, the carrier in jected into the base layer carries out the drift run of the base 
layer by the electric field by inclination composition. Since it is high-speed compared with a run according [ a run of the carrier by 
the drift field J to diffusion, shortening of the base transit time is achieved and the good RF property is acquired. Moreover, 
SiGc-IIBT Since a current amplification factor does not fall compared with the bipolar transistor by conventional silicon then 
even if it makes high . impurity concentration of a base layer high, base resistance is reduced as a result, and it is fmax. 
Improvement and low noise-ization are attained. Thus, since SiGe-HBT. excellent in the RF property is producible. using a 
general -purpose silicon process, it is used also for BiCMOS devices, such as IC for RF radio. 

[0008] Drawing 1 3 (a) and (b) are the cross section showing the structure of SiGe-HBT of the conventional single polysilicon 
contest type, and the fragmentary sectional view expanding and showing the structure near the emitler-base-junction section. 
[0009] As shown in drawing 1 3 (a), the Si epitaxial layer 104 is formed on the collector embedding layer 105 of the Si substrate • 
101, and shallow trench 1 02a for dividing an active region is prepared in this Si epitaxial layer 1 04. Moreover, deep trench 1 02b . 
which is prolonged further caudad and reaches the method of the back" of the Si substrate 1 01 rather than shallow trench 1 02a is 
prepared. ThcHBT formation field Rbt is enclosed by this deep trench 1 02b, and the HBT formation Held Rbt is divided by 
shallow trench 102a at the 1st active region Re 1 and the 2nd active region Re 2. And in the field located above the collector 
embedding layer 105 in the Si epitaxial layer 104, Si collector-layer 103a is prepared in the 1st active region Re 1, and collector 
wall layer 103b is prepared in the 2nd active region Re 2, respectively. Furthermore, on the active region Re 1 of f 1 st ] the Si 
epitaxial layers 104, the SjGe spacer layer 107 with a thickness of 20nm is formed for germanium content formed of epitaxial 
growth at about 1 5%. This SiGe spacer layer 1 07 is for suppressing formation of the Pallas lick barrier (parasitism barrier) by 
diffusion of boron, and is an undoping layer by which the impurity is not doped. Moreover, on the SjGe spacer layer 107, the 
inclination SiGe base layer 1 08 from which germanium content decreases |% / 1 5 | toward the upper part, and has become 0% by 
the upper limit is formed. The thickness of this inclination SiGe base layer 108 is about 40nm, and is in-situ in the inclination 
SiGe base layer 108. Boron is introduced by doping. Furthermore, on the inclination SiGe base layer 10ft, Si cap layer 109 of 
undoping with a thickness of about 20nm formed of epitaxial growth is formed. 

[0010] Moreover, on Si cap layer 109, the underlay oxide film 1 1 1 which consists of a silicon oxide is formed, and emitter 
opening 1 1 la to which a part of Si cap layer 109 is exposed is.'brmed in the underlay oxide film 111. And emitter opening 1 1 la 
of the underlay oxide film 1 1 1 is buried, and the emitter drawer electrode 1 1 0 which consists of a polysilicon contest film with ; 
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which Lynn prolonged on the underlay oxide film 1 1 1 was doped is formed. On the other hand, emitter-diffusion layer 109a hy 
which Lynn hy the diffusion from the emitter drawer electrode 1 10 was doped is formed in the field in which it is located under 
the emitter opening 11 la among the above-mentioned Si cap layers 109. 

[001 1] and emitter-diffusion layer 109a is direct among the inclination Side base layers 108 - the field in which it .is located 
caudad - intrinsic base layer Bint it is : Moreover, the boron (B) which is a P type impurity is doped with an ion implantation by 
the field located in a way outside the emitter drawer electrode 1 10 among the SiGe spacer layer 107, the inclination SiGe base 
layer 1 08, and Si cap layer 1 09, the external base pouring layer Bex is formed in it, and this external base pouring field Bex has 
become a part of external base layer. Moreover, the underlay oxide film 1 1 1 sets caudad among the inclination SiGe base layers 
8, and it is the intrinsic base layer Bint. The link field Blink inserted into the external base pouring field Bex has become a part of 
external base layer. 

[0012] In addition, the .sidewall 120,322 which consists of a silicon oxide, respectively is formed in the side of the emitter drawer 
electrode 1 10, and the side of a cascade screen which consists of Si cap layer 109, a SiGe inclination SiGe base layer 108, and a 
SiGe spacer layer 1 07. Furthermore, on the wafer, the layer insulation film 1 1 3 which consists of a BSG (Boron Silicate Glass) 
film is formed, the connection which reaches the layer insulation film 1 1 3 at the emitter drawer electrode 1 10, Si cap layer 109, 
and collector wall layer 103b, respectively — a hole prepares — having — **** — each connection — the tungsten plug 1 12 in 
contact with the emitter drawer electrode 1 1 0, Si cap layer 1 09, and the silicide layer 1 2 1 formed in the surface section of 
collector wall layer 103b is embedded at the hole Moreover, on the layer insulation film 1 1 3, the metal wiring 1 14 connected to 
each tungsten plug 1 12 is formed. 

[001 3] Here, a process can be advanced so that an etching damage may not be given to the surface section of Si cap layer 109 
which becomes possible | using -l J ETTO ETCH) | in case opening of the emitter opening 1 1 la is carried out to the underlay oxide 
film 111, and becomes emitter-diffusion layer 109a by the underlay oxide film 1 1 1 being formed behind. 
100141 Drawing 14 (a) and (b) are the cross section showing the structure of SfGe-HBT of the conventional double polysilicon 
contest type, and the fragmentary sectional view expanding and showing the structure near the emiUcr-base-junction section. 
[0015] As shown in drawing 14 (a), the Si epitaxial layer 104 is formed on the collector embedding layer 105 of the Si substrate 
101, and shallow trench 1 02a for dividing an active region is prepared in this Si epitaxial layer 1 04. Moreover, deep trench 1 02b 
which is prolonged further caudad and reaches the method of the back of the Si substrate 1 0 1 rather than shallow trench 1 02a is 
prepared. The HBT formation field Rbl is enclosed by this deep trench 1 02b, and the HBT formation field Rbt is divided by 
shallow trench 102a at the 1st active region Re 1 and the 2nd active region Re 2. And in the field located above the collector 
embedding layer 105 in the Si epitaxial layer 104, Si collector-layer 103a is prepared in the 1st active region Re 1, and collector 
wf»Il layer 103b is prepared in the 2nd active region Re 2, respectively. Furthermore, on the active region Re 1 of [ 1st ] the Si 
epitaxial layers 104, the SiGe spacer layer 107 with a thickness of 20nm is formed for germanium content formed of epitaxial 
growth at about 15%. This SiGe spacer layer 7 is for suppressing formation of the Pallas tick hairier (parasitism barrier) by ^ 
diffusion of boron, and is an undoping layer by which the impurity is not doped. Moreover, on the SiGe spacer layer 107, the 
inclination SiGe base layer 108 from which germanium content decreases [% / 15 ] toward the upper part, and has become 0% by 
the upper limit is formed. The thickness of this inclination SiGe base layer 1 08 is about 40nm, and is in-situ in the inclination 
SiGe base layer 108. Boron is introduced by doping. Furthermore, on the inclination SiGe base layer 108, Si cap layer 109 of 
undoping with a thickness of about 20nm formed of epitaxial growth is formed. Moreover, on Si cap layer 109, the underlay oxide 
film 1 1 1 which consists of a silicon oxide is formed, and emitter opening 1 1 la to which a part of Si cap layer 109 is exposed is 
formed in the underlay oxide film 111. And the emitter drawer electrode 1 10 which consists of contest polysilicon with which 
emitter opening 111a of the underlay oxide film 1 1 1 is fill uped is formed. 

[0016] On the other hand, emitter-diffusion layer 109a by which Lynn by the diffusion from the emitter drawer electrode 1 10 was . 
doped is formed in the field in which it is located under the emitter opening 111a among the above-mentioned Si cap layers 109. 
[0017] Moreover, on the underlay oxide film 1 1 K the base drawer electrode 1 3 1 which consists of a polysilicon contest film with 
which the P type impurity was doped, and the inter-electrode insulator layer 1 32 which consists of a silicon oxide are formed. 
Opening of the portion located above emitter opening 111a of the underlay oxide film 1 1 1 among the base drawer electrode 1 3 1 
and the inter-elcctrode insulator layer 1 32 is carried out, the oxide-film sidewall 1 33 is formed in the side of the base drawer 
electrode 1 2 1 and the inter-electrode insulator layer 1 32, and the polysilicon contest sidewall i 34 is further formed on the 
oxide-film sidewall 133. And the above-mentioned emitter drawer electrode 1 10 buried emitter opening 1 1 1 a, and has countered . 
with the base drawer electrode 1 3 1 on both sides of the polysilicon contest sidewall 1 34. and the oxide-film sidewall 133. That is, 
while the emitter drawer electrode 1 10 and the base drawer electrode 1 3 1 are insulated electrically, diffusion -of the impurity from 
the base drawer electrode 131 to the emitter drawer electrode 1 10 is prevented by the oxide-film sidewall 133. Moreover, the 
upper surface of the base drawer electrode 1 3 1 and the emitter drawer electrode 1 1 0 of each other are insulated by the 
inter-electrode insulator layer 1 32. 

[0018] and emitter-diffusion layer 109a is direct among the inclination SiGe base layers 108 — the field in which it is located 
caudad - intrinsic base layer Bint it is . Moreover, the boron (B) which is a P type impurity is doped with an ion implantation by 
the field located in a way outside the underlay oxide film 1 1 I among the SiGe spacer layer 107, the inclination SiGe base layer . 
108, and Si cap layer 109, the external base pouring layer Bex is formed in it, and this external hase pouring field Bex has 
become a part of external base layer. Moreover, the underlay oxide film 1 1 1 sets caudad among the inclination SiGe base layers 
8, and it is the intrinsic base layer Bint. The link field Blink inserted into the external base pouring field Bex has become.a part of 
external base layer. • 

[00 1 9] In addition, the sidewall 1 20 which consists of a silicon oxide is formed in the lateral surface of the emitter drawer 
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electrode 1 1 0 and the inlcr-electrode insulator layer 1 32, and the lateral surface of the base drawer electrode 131. 

[0020] Furthermore, on the wafer, the layer insulation film 1 1 3 which consists of a BSG (Boron Silicate Glass) film is formed, the 

connection which reaches the layer insulation film 1 1 3 at the emitter drawer electrode 1 1 0, the base drawer electrode 131, and 

collector wall layer 103b, respectively -- a hole prepares having - **** - each connection — the tungsten plug 1 12 in contact 

with the emitter drawer electrode 1 1 0, the base drawer electrode 131, and the silicide layer 1 2 1 formed in the surface section of 

collector wall layer 103b is embedded at the hole Moreover, on the layer insulation film 113, the metal wiring 114 connected to 

each tungsten plug 1 1 2 is formed. , 

[00211 ' ~ \ - 

[Problem(s) to be Solved by the Invention] However, there are the following faults in the structure and the process flow of 

SiGe-HBT of the above-mentioned former. 

[0022] It sets to SiGe-HBT of the conventional single polysilicon contest type shown in above-mentioned drawing 1 3 (a) and (b), 
and is base resistance RB. Il was difficult to decrease. Drawing 13 (b) shows the resistance component of the base resistance RB 
(resistance RB from the silicide layer 121 to intrinsic base region Bint of an emitter-diffusion layer 109a directly under) of single 
polysilicon contest type SiGe-HBT. That is, base resistance RB The following formula (2) 
RB*=Rex+Rlink+Rint(2) 

Rex : resistance component Rint of the link field Blink in the resistance component Rlink:external base layer of the external base 
pouring field Bex in an external base layer : Intrinsic base layer Bint It is expressed by the resistance component. 
[0023 ] At this time, the resistance component Rlink of the above-mentioned link field is a resistance component peculiar to 
SiGe-HBT which cannot form emitter opening by dry etching. Since high impurity concentration of an inclination SiGe base layer 
can be made high in SiGe-HBT, they are original and base resistance RB. Although il should become low, there is fault that an 
original low base resistance property cannot fully be demonstrated because of this resistance component Rlink. 
[0024] On the other hand; since the underlay oxide film 1 1 1 is needed also in the manufacturing process of double polysilicon 
contest type SiGe-HBT in order to form emitter opening 1 1 la more sentimentally dirtily, there is the same problem as single 
polysilicon contest type SiGe-HBT. Drawing 14 (b) shows the component of the base resistance RB (resistance RB from the 
silicide layer 121 to the intrinsic base region of an emitter-difilision layer 109a directly under) of double polysilicon contest type 
SiGe-HBT. That is, base resistance RB The following formula (3) 
RB =Rps+Rc +Rex+RIink+Rint (3) 

Rps : resistance Rc of a base drawer electrode : Contact resistance Rex between base drawer electrode-Si cap layers : The 
resistance component Rlink of the external base pouring field Bex in an external base layer: Resistance component Rint of the 
link field Blink in an external base layer : Intrinsic base layer Bint It is expressed by the resistance component. 
[00251 At this time, the resistance component Rlink of the link field Blink is a resistance component peculiar to SiGe-HBT which 
cannot form emitter opening by dry etching, and has the fault that an original low base resistance property cannot fully be 
demonstrated because of this resistance component Rlink, as mentioned above. 

[0026] The purpose of this invention is by adopting a means to reduce base resistance in SiGe-HBT which made the underlay 
oxide film intervene between an emitter drawer electrode and a SiGe base layer to olfcr the helero-bi polar transistor which was 
excellent in RF properties, such as the maximum cut otf frequency, and its manufacture method. 
[0027] 

[Means for Solving the Problem] The 1 st semiconductor layer which functions as a collector layer which the bipolar transistor of 
this invention is prepared on a substrate, and contains the 1st conductivity-type impurity, The 2nd semiconductor layer which is 
prepared on the semiconductor layer of the above 1st and contains the 2nd conductivity-type impurity, The 3rd semiconductor 
layer which is prepared on the semiconductor layer of the above 2nd, consists of material into which a band gap differs from the 
semiconductor layer of the above 2nd, and contains the 2nd conductivity-type impurity in the lower part at least, The underlay 
insulator layer prepared on the semiconductor layer of the above 3rd, and opening which is prepared in the above-mentioned 
underlay insulator layer, and reaches the semiconductor layer of the above 3rd, In the bipolar transistor equipped with the emitter 
drawer electrode which is constituted by the conductor material containing the 1 st conductivity-type impurity, buries opening of 
the above-mentioned underlay insulator layer, and contacts the semiconductor layer of the above 3rd The semiconductor layer of 
the above 3rd has the cmitter-dilTusion layer of the 1st conductivity type located under the above-mentioned opening, and the 
semiconductor layer of the above 2nd has the intrinsic base layer which touches the emitter-diffusion layer of the semiconductor 
layer of the above 1 st. 

[0028] Thereby, resistance of the portion which contains the 2nd conductivity-type impurity of the 3rd semiconductor layer since 
the 2nd conductivity-type impurity is contained in the lower part at least of the 3rd semiconductor layer decreases. Therefore, the 
whole base resistance will be reduced and the bipolar transistor which was excellent in RF properties, such as the maximum cut 
ofi" frequency, is obtained. 

[0029] By making equal substantially concentration of the 2nd conductivity-type impurity of the semiconductor layer of the above 
3rd contained in the lower part at least with the concentration of the 2nd conductivity-type impurity of the semiconductor layer of 
the above 2nd, the resistance of a direction along the substrate side of the 2nd and 3rd semiconductor layer can be equalized, and 
the RF property of a bipolar transistor will improve further. 

[0030] The em itter-di {fusion layer used as the base element of a bipolar transistor is obtained doping the 2nd conductivity-type 
impurity in the 3rd semiconductor layer, and attaining low resistance-ization by the polysilicon contest.film with which the 1 st 
conductivity-type impurity was doped constituting the above-mentioned emitter drawer electrode, and having been reversed to the 
1 st conductivity type with the 1 st conductivity-type impurity which diffused the emitter-diffusion layer of the semiconductor layer 
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of the above 3rd from the above-mentioned emitter drawer electrode. 

[003 1] The polysilicon contest film constitutes the above-mentioned emitter drawer electrode, and a single polysilicon contest 
with which the external base layer was formed into low resistance by pulling out a base electrode from the field located in a way 
outside the above-mentioned emitter drawer electrode among the above 2nd or the 3rd semiconductor layer ] type hetero-bipolar 
transistor is obtained. 

[0032] The polysilicon contest film constitutes the above-mentioned emitter drawer electrode, it is prepared in contact with the 
portion located in a way outside the above-mentioned underlay insulator layer among the semiconductor layers of the above 3rd, 
and a double polysilicon contest [ with which the external base layer was formed into low resistance ] type hetero-bipolar 
transistor is obtained by having further the base drawer electrode constituted by contest polysilicon by which the 2nd 
conductivity-type impurity was doped. 

[0033] The hetero-bipolar transistor which can be formed is easily obtained using the process of a silicon device by making the 
above-mentioned substrate into a silicon substrate, using the semiconductor layer of the above 1st as Si layer, using the 
semiconductor layer of the above 2nd as a Side layer, and using the semiconductor layer of the above 3rd as Si layer. 
[0034] The manufacture method of the bipolar transistor of this invention The process which forms the 2nd semiconductor layer 
used as the base layer containing the 2nd conductivity-type impurity on the 1 st semiconductor layer used as the collector layer 
containing the 1 si conductivity-type impurity on a substrate (a), The process which forms the 3rd semiconductor layer which 
consists of material into which a band gap differs from the semiconductor layer of the above 2nd, and contains the 2nd 
conductivity-type impurity in the lower part at least by epitaxial growth on the semiconductor layer of the above 2nd (b). The 
process (c) which deposits an underlay insulator layer on a substrate, and the process which forms in the above-mentioned 
underlay insulator layer opening which reaches the semiconductor layer of the above 3rd (d), The 1st conductivity -type impurity is 
introduced into the Held in which it is located under the above-mentioned opening among the semiconductor layers of the above 
3rd, and the process (e) which forms an emitter-diffusion layer is included. 

[0035] The field in which it is localed under [ direct ] the emitter-diffusion layer among the 2nd semiconductor layer functions as 
an intrinsic base layer, and outside an intrinsic base layer, in a way, even if there are few 2nd semiconductor layers and 3rd 
semiconductor layers, by this method, the low field [ lower part ] of resistance functions as an external base layer. And in the link 
field located in the method of directly under of an underlay insulator layer among external base layers, since the resistance of the 
portion by which the 2nd conductivity-type impurity of the 3rd semiconductor layer is doped decreases, a hetero-bipolar transistor 
with the small resistance of the whole external base layer will be obtained. 

[0036] after the above-mentioned process (d) — before the above-mentioned process (e) — a substrate top - a conductor, after 
depositing a film The process which forms the emitter drawer electrode containing the 1st conductivity-type impurity which 
carries out patterning of the film, buries opening of the above-mentioned underlay insulator layer, and is prolonged on the 
above-mentioned underlay insulator layer is included further, the above — a conductor - the above-mentioned process (e) with 
heat treatment By carrying out by making the semiconductor layer of the above 3rd diffuse the 1st conductivity-type impurity in 
the above-mentioned emitter drawer electrode, the conductivity type of the 3rd semiconductor layer can be reversed easily, and an 
emitter-diffusion layer can be formed. 

[0037] In the above-mentioned process (d), the hetero-bipolar transistor which has the emitter-diffusion layer which does not 
almost have an etching damage is obtained by forming the above-mentioned opening by wet etching. 
[0038] after the above-mentioned process (d) — a substrate top — a conductor - this the insulator layer for masks and after 
depositing a film and the insulator layer for masks, and a conductor - with the process which carries out patterning of the, film and 
forms a mask film and an emitter drawer electrode By performing the ion implantation of the 2nd conductivity-type impurity by 
using the above-mentioned mask film and an emitter drawer electrode as a mask By including further the process which forms an 
external base pouring layer in the field located in a way outside the above-mentioned emitter drawer electrode among the above 
2nd and the 3rd semiconductor layer The hetero-bipolar transistor which has the external base layer by which resistance was 
equalized can be formed using a single polysilicon contest process. 

[0039] Before the above-mentioned process (d), a part of semiconductor layer of the above 3rd on the above-mentioned underlay, 
insulator layer after the above-mentioned process (c) by the process which forms a wrap mask member, and the dry etching using 
the above-mentioned mask-member After carrying out patterning of the underlay insulator layer so that a part of semiconductor 
layer of the above 3rd may be covered, by performing the ion implantation of the 2nd conductivity-type impurity using the 
above-mentioned mask member The process which forms an external base pouring layer in the field located in a way outside the 
above-mentioned underlay insulator layer among the above 2nd and the 3rd semiconductor layer, after formation of the 
above-mentioned external base pouring layer, and a substrate top — the above — a conductor — a conductor different from a film 
— the conductor according to above after depositing a film — with the process which forms in a film opening which reaches the 
above-mentioned underlay insulator layer the conductor according to above, while performing the above-mentioned process (d) 
after the process which forms the above-mentioned side-attachment- wall protective coat, including further the process which 
forms the side-altachment-wall protective coat of wrap insulation for the side of membranous opening after the above-mentioned 
process (d) — a substrate top - a conductor - after depositing a film - this - a conductor - by including further the process 
which carries out patterning of the film and forms an emitter drawer electrode The hetero-bipolar transistor which has the external 
base layer by which resistance was equalized can be formed using a double polysilicon contest process. 
[0040]" 

[Embodiments of the Invention] (Gestalt of the 1 st operation) Drawing 1 (a) and (b) are hetero-bipolar transistors (HBT) which 
have Si emitter layer concerning this operation gestalt, and a SiOe base layer, and are the cross section showing the structure of 
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single polysilicon contest type HBT, and the fragmentary sectional view expanding and showing the structure near the 
emilter-base-junction section. t , . , 

[004 1 1 As shown in drawing 1 (a), the Si epitaxial layer 4 is formed on the collector embedd.ng layer 5 of the Si substrate 1 , and 
shallow trench 2a for dividing an active region is.prepared in this Si epitaxial layer 4. Moreover, deep trench 2b which is ■ 
prolonged further caudad and reaches the method of the back of the Si substrate 1 rather than shallow trench2a is prepared. The 
HBT formation field Rbt is enclosed by this deep trench 2b, and the HBT formation field Rbl is divided by shallow trench 2a at 
the 1 st active region Re 1 and the 2nd active region Re 2. And in the field located above the collector embedding layer 5 in the Si 
epitaxial layer 4, Si collector-layer 3a is prepared in the 1st active region Re 1, and collector wall layer 3b is prepared in the 2nd 
active region Re 2, respectively. Furthermore, on the active region Re 1 of [ 1st ] the Si epitaxial layers 4, the S.Ge spacer layer 7 
with a thickness of 20nm is formed for germanium content formed of epitaxial growth at about 15%. This Si Ge spacer layer 7 is 
for suppressing formation of the Pallas tick barrier (parasitism barrier) by diffusion of boron, and is an undoping layer by which 
the impurity is not doped. Moreover, on the SiGc spacer layer 7, the inclination SiGe base layer X from which germanium content 
decreases 1% / 1 5 | toward the upper part, and has become 0% by the upper limit is formed. The thickness of this inclination SiGe 
base layer 8 is about 40nm, and is in-silu in the inclination SiGe base layer 8. The boron of 2x101 8aloms and cm-3 is introduced 
for concentration by doping. Furthermore, on the inclination SiGe base layer 8, Si cap layer 9 formed of epitaxial growth is 
formed The thickness of Si cap layer 9 is about 30ran, and the boron (B) of abbreviation 2x101 Xatoms and cm-3 is doped for _ 
concentration like the inside of the inclination SiGe base layer 8 in Si cap layer 9. Moreover, on Si cap ayer 9 the underlayox.de 
film 1 1 to which it is thin from the silicon oxide which is about 30nm is formed, and emitter opening 11a to which a part ol S. cap 
layer 9 is exposed is formed in the underlay oxide film 1 1 . And emitter opening 1 1 a of the underlay ox.de fin, 1 is nuned, and 
the emitter drawer electrode 10 which consists of contest polysilicon prolonged on the underlay oxide film I I is formed. Lynn (I ) 
which is the N type impurity of concentration abbreviation 5x1 020atoms and cm-3 is doped by the emitter drawer electrode 1 0. 
On the other hand, emitter-diffusion layer 9a by which high-concentration Lynn was doped is formed in the field in which it is 
located under the emitter opening 1 1 a among the above-mentioned Si cap layers 9 of the diffusion from the emitter drawer 
electrode 10 That is, in emitter-diffusion layer 9a in Si cap layer 9, although boron (about [ concentration ] 2.x 1 0 1 Satoms and cm- 
3) is mostly doped by homogeneity at Si cap layer 9, since it is more sharply [ than the concentration of the boron by wh.ch the 
concentration of Lynn d.ffused from the emitter drawer electrode 10 is doped j high, emitter-diffusion layer 9a has been reversed 

lo042] P and emitter-diffusion layer 9a is direct among the inclination SiGe base layers 8 - the field in which it is located caudad - 
intrinsic base layer Bint it is . Moreover, the external base pouring field Bex where the boron (B) which is a P type impurity was 
doped by the ion implantation is formed in the field located in a way outside the emitter drawer electrode 10 among the surface < 
section of the Si epitaxial layer 4, the SiCie spacer layer 7, the inclination SiGe base layer 8, and Si cap layer 9. This external has, 
pouring field Bex has become a part of external base layer. 

00431 Furthermore the boron of the same concentration as the inclination SiGe base layer 8 is doped by the side ol 
emitter-diffusion layer 9a, and the field of underlay oxide-film 1 1 directly under among Si cap layers 9. And intrinsic base layer 
Bint In the field inserted into the external basepounng field Bex, Si cap layer 9 and the inclination SiGe base layer 8 are covered, 
and the link field Blink is formed. Consequently, the link field Blink in which it is located under the underlay ox.de film \ I of the 
external base layers is expanded in the thickness d.reclion so that not only the inclination SiGcbase layer 8 but Si cap layer 9 ma> 
be included. Thus, the point which the thickness of the link field Bex in an external base layer has expanded is the feature ot HB 1 

of this operation gestalt. ... iri n„,„ m ,„„j 

- [0044] In addition among the external base pouring fields Bex, the boron whose concentration is abbreviation 3xl017atoms and 
about cm-3 is doped, and the surface section of the Si epitaxial layer 4 serves as a junction leak prevention layer . . - 

[00451 Moreover the sidewalls 20 and 22 which consist of a silicon oxide, respectively are formed m the side of the emitter 
drawer electrode 10, and the side of a cascade screen which consists of Si cap layer 9, a SiGc inclination SiGc base layer 8, and a 
SiGe spacer layer 7. „, N . r , T . 

[00461 Furthermore, on the wafer, the layer insulation film 1 3 which consists of a BSC, (Boron Silicate Glass) film is formed. The 
hole is prepared the connection which reaches field 9b which becomes a part [ the external base layer of the emitter drawer 
electrode 1 0 and the Si cap layers 9 ] at the layer insulation film 1 3, and collector wall layer 3b, respectively - each connection - 
the tungsten plug 1 2 in contact with the silicide layer 2 1 formed in the surface section of field 9b wh.ch becomes a part [an 
external base layer ] among the emitter drawer electrode 1 0 and Si cap layer 9, and collector wall layer 3b is embedded at the hole 
Moreover on the layer insulation film 13, the metal wiring 14 connected to each tungsten plug 1 2 is lormed^ 
[00471 since comparatively high-concentration boron (about f concentration 1 2x1 01 Saloms and em- 3) be dope by the Held in 
which it be locate under the underlay oxide film 1 1 among field 9b which become a part [ the external base layer of Si cap layer ) 
1 according to SiGe-l IBT concerning this operation gestalt, the link field Blink have be expand in the thickness direction so that 
not only the inclination SiGc base layer 8 but Si cap layer 9 may he include. And base resistance RB shown in a formula (2) 1 he 
component Rlink of the link field Blink decreases about to 4/7 inside. Consequently, base resistance RB Maximum oscillation 
frequency fmax of HBT shown in a formula ( 1 ) since it becomes small Improvement can be aimed at. 
[00481 On the other hand, although the P type impurity is doped by the Si cap layer 9 whole, the conductivity type in 
emitter-diffusion layer 9a of the Si cap layers 9 is reversed with diffusion of the N type impurity from the emitter drawer electrode 
10 and they are cimttcr-diffusion layer 9a and the intrinsic base layer Bint. The impurity profile in the passing longituchna 
section does not almost have a change with the impurity profile in I IBT equipped with Si cap layer of the conventional undoping. 
Therefore current-gain cut off frequency IT Degradation hardly takes place. Moreover, since the PN-junct.on section is formed in 
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Si cap layer 9 between emitter-diffusion layer 9a and the other field (field 9b which becomes a part [ an external base layer ]), 
although the charge and discharge time of emitter junction capacity increases only a part for emitter junction capacity to increase a 
little, it is the current-gain cut off frequency (T. A value is hardly influenced. Moreover, pressure-proofing of an emitter base 
junction does not fall by making high impurity concentration of Si cap layer 9 of the same grade as the inclination SiGe base layer 
8, either. 

[0049] Thus, base resistance can be reduced, keeping junction pressure-proofing of the same grade suppressing degradation or a 
RF property in HBT which has single polysilicon contest structure according to HBT of this operation gestalt. Therefore, 
maximum oscillation frequency fmax Increase and low noise-ization are realizable. 

[0050] Next, the manufacturing process of SiGe-HBT of this operation gestalt is explained. Drawing 2 (a) - drawing 4 (d) are the 
cross sections showing the manufacturing process of SiGe-HBT of this operation gestalt. Among those, the cross section showing 
a process until - (d) deposits a covering oxide film from formation of an emitter drawer electrode and cross section and drawing 3 
(a) drawing 4 (a) - (d) which show a process until drawing 2 (a) - (d) deposits the polysilicon contest film for emitter drawer 
electrodes from the start of a process are the cross section showing the process lo formation of wiring from formation of the 
sidewall to the sides, such as an emitter drawer electrode. 

[005 1 1 First, at the process shown in drawing 2 (a), after forming the collector embedding layer 5 in the Si substrate 1 by pouring 
of an N type impurity (lor example, Lynn), the Si epitaxial layer 4 is formed on the Si substrate 1 by epitaxial growth. At this 
time, impurities, such as Lynn in the collector embedding layer 5, are spread in the Si epitaxial layer 4. Then, it divides to the 2nd 
active region Re 2 for performing the 1st active region Re 1 for funning shallow trench 2a and deep trench 2b, and forming the 
HBT formation field Rbl for an emitter base junction etc., and the drawer of a collector electrode. That is, Si collector-layer 3a is 
formed in the active region Re 1 of f 1 st J the Si epitaxial layers 4, and collector wall layer 3b is formed, in the 2nd active region 
Re 2. 

[0052] Next, the undoping SiGe layer whose content of germanium is 15%, the doped inclination SiGe layer to which germanium 
content decreases from 1 5% gradually to 0. including the boron which is a P type impurity, and the doped Si layer containing the 
boron which is a P type impurity are mostly deposited continuously on a wafer by the epitaxial grown method using UHV-CVD at 
the process shown in drawing 2 (b), changing a type of gas. And patterning of a doped Si layer, a doped inclination SiGe layer, 
and the undoping SiGe layer is carried out, and the SiGe spacer layer 7, the inclination SiGe dope layer 8, and Si cap layer 9 are 
formed on the active region Re I of | 1 si ] the Si epitaxial layers 4. At this time, the thickness of the inclination Side base layer 8 
is about 40nm, and the high impurity concentration is 2x 1 01 Saloms and cm-3. The thickness of Si cap layer 9 is about 30nm, and 
the high impurity concentration is abbreviation 2x101 8atoms and cm-3. 

[0053 J Next, at the process shown in drawing 2 (c), after thickness deposits on a wafer silicon-oxide 1 1 x which are about 30nm, 
sentimentally dirtily, more, a part of silicon-oxide 1 lx are removed alternatively, emitter opening 1 la is formed, and a part of Si 
cap layer 9 is exposed at the pars basilaris ossis occipitalis of emitter opening 11 a. Since silicon-oxide 11 x are therelore 
********** e( i sentimentally dirtily at this time, a damage is nol Si cap 9. 

[0054] Next, it is in-situ on a wafer at the process shown in drawing 2 (d). The thickness by which high -concentration Lynn (?) 
was doped by doping deposits poly silicon film lOx of the N type which is about 250nm, and silicon nitride 16x used as a pouring 
protective coat. However, to poly silicon film 1 Ox, you shall dope an N type impurity (Lynn or arsenic) with an ion implantation. 
[00551 Next, at the process shown in drawing 3 (a), by the dry etching using photoresist film 1 7 A, patterning of x and 
silicon-oxide 1 lx is carried out, and the pouring protective coat 16 on silicon nitride 16x and polysilicon contest film 10 the 
emitter drawer electrode 10 which contacts Si cap layer 9 by emitter opening 1 la, the underlay oxide film 1 1 , and the emitter 
drawer electrode 1 0 is formed. 

[0056] Next, at the process shown in drawing 3 (b), after removing photoresist film 1 7 A, wrap photoresist film 1 7B is formed for 
collector wall layer 3b at least on a wafer, and the ion implantation of boron (13) is performed by using this photoresist film 17B 
and the pouring protective coat 16 as a mask. Thereby, boron is doped by the field Bex located in the outside of the emitter 
drawer electrode 10 among Si cap layer 9, the inclination SiGe base layer 8, and the SiGe spacer layer 7. And among this external 
base pouring field Bex, the boron of the concentration of abbreviation 3x101 7atoms and cm-3 is introduced into the surface 
section of the Si epitaxial layer 4, and a diffusion leak prevention layer is formed in it. 

[0057 ] Next, at the process shown in drawing 3 (c), after removing photoresist film 1 713 and the pouring protective coat 1 6, the . 
oxide film 1 8 for covering which con si sis of a silicon oxide for diffusion prevention of the impurity at the time of heat treatment is 
deposited on a wafer. 

[0058] Next, at the process shown in drawing 3 (d), rapid heating processing (RTA) is performed, Lynn in the emitter drawer 
electrode 10 is diffused in Si cap layer 9 the condition for 900 degrees C and 1 5 seconds, and emitter-diffusion layer 9a is formed 
in the field in which it is located under the emitter opening 1 1 a among Si cap layers 9. 

[0059] Next, at the process shown in drawing 4 (a), the oxide film 18 for covering and silicon-oxide 1 lx are ********** e d by 
anisotropic etching, and the sidewalks 20 and 22 which become the side of the emitter drawer electrode 1 0 and the side of a 
cascade screen which consists of Si cap layer 9, an inclination SiGe base layer 8, and a SiGe spacer layer 7 from a silicon oxide, 
respectively are formed. 

[0060] Next, the emitter drawer electrode 1 0 exposed on a wafer at the process shown in drawing 4 (b), After depositing a metal 
membrane (for example, titanium film) on field 9b which becomes a part [ the external base layer of the Si cap layers 9 ], and 
collector wall layer 3b, A metal and silicon are made to react with heat treatment, and the silicide layer (for example, titanium 
silicide layer) 2 i is formed on field 9b which becomes a part [ the external base layer of the emitter drawer electrode 1 0 and the 
Si cap layers 9 ], and collector wall layer 3b. 
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[0061] Next, the layer insulation film 13 which consists of a BSG film is deposited on a wafer at the process shown in drawing 4 
(c). 

{0062] next, the connection which reaches the layer insulation film 1 3 at the process shown in drawing 4 (d) at field 9b which 
becomes a part [ the external base layer of the emitter drawer electrode 10 and the Si cap layers 9 ], and collector wall layer 3b, 
respectively, after forming a hole each connection ~ a tungsten is embedded at a hole and the tungsten plug 1 2 in contact with the 
silicide layer 2 1 formed in the surface section of field 9b . which becomes a part f the external base layer of the emitter drawer 
electrode 1 0 and the Si cap layers 9 ], and collector wall layer 3b is formed Then, the metal wiring 1 4 which consists of aluminum 
connected to each tungsten plug 1 2 is formed on the layer insulation film 1 3 . Thereby, structure of HBT shown in drawing 1 (a) 
and (b) is realized. 

[0063] According to the manufacturing process of this operation gestalt, by the process shown in drawing 2 (b), Si cap layer 9 
containing a comparatively high -concentration P type impurity is formed, at the process shown in drawing 3 (d), the field in which 
it is located under the emitter opening 1 1 a among this Si cap layer 9 is made to diffuse Lynn which is a high-concentration N type 
impurity, and emitter-diffusion layer 9a is formed in it. That is, a center section is set to emitter-diffusion layer 9a among Si cap 
layers 9, and the other field 9b becomes a part of external base layer. 

[0064] Therefore, compared with Si cap layer of undoping being prepared, the resistance of the link field R link which is the 

portion located under the underlay oxide film 1 1 among external base layers can be reduced like the conventional HBT. That is, it 

is a maximum oscillation frequency fmax like **** by the manufacture method of HBT of this operation gestalt. High HBT 

formed into low noise can be formed easily. , 

[0065] In addition, in the manufacturing process of HBT of this operation gestalt, you may skip the ion-implantation process of 

boron shown in drawing 4 (a). It is because the resistance of the whole external base layer can be maintained sufficiently small 

even if the external base pouring field Bex does not exist, since high -concentration boron is doped by Si cap layer 9. 

[0066] Moreover, it is in-situ in the case of epitaxial growth of Si cap layer 9 shown in drawing 2 (b). What is necessary is not to 

dope boron to the Si cap layer 9 whole by the dope, and just to dope boron in the lower part, even if there are few Si cap layers 9. 

Also in such a case, since boron diffuses the inside of Si cap layer 9 up with subsequent heat treatment, it is possible to maintain 

the resistance of the whole external base layer small. 

[0067] (Gestalt of the 2nd operation) Drawing 5 (a) and (b) are helero-bipolar transistors (HBT) which have Si emitter layer 
concerning this operation gestalt, and a Side base layer, and are the cross section showing the structure of double polysilicon 
contest type I IBT, and the fragmentary sectional view expanding and showing the structure near the emitter-base-junction section. 

[0068] As shown in drawing 5 (a), the Si epitaxial layer 4 is -formed on the collector embedding layer 5 of the Si substrate 1 , and 
shallow trench 2a for dividing an active region is prepared in this Si epitaxial layer 4. Moreover, deep trench 2b which is 
prolonged further caudad and reaches the method of the back of the Si substrate 1 rather than shallow trench 2a is prepared. The 
HBT formation field Rbt is enclosed by this deep trench 2b t and the HBT formation field Rbt is divided by shallow trench 2a at 
the 1st active region Re 1 and the 2nd active region Re 2. And in the field located above the collector embedding layer 5 in the Si 
epitaxial layer 4, Si collector-layer 3a is prepared in the 1st active region Re 1 , and collector wall layer 3b is prepared in the 2nd 
active region Re 2, respectively. Furthermore, on the active region Re 1 of [ 1st ] the Si epitaxial layers 4, the SiGe spacer layer 7 
with a thickness of 20rim is formed for germanium content formed of epitaxial growth at about 1 5%. This SiGe spacer layer 7 is 
for suppressing formation of the Pallas tick barrier (parasitism barrier) by diffusion of boron, and is an undoping layer by which 
the impurity is not doped. Moreover, on the SiGe spacer layer 7, the inclination SiGe base layer 8 from which germanium content 
decreases [% I 1 5 ] toward the upper part, and has become 0% by the upper limit is formed. The thickness of this inclination SiGe 
base layer X is about 40nm, and is in-situ in the inclination SiGe base layer 8. The boron of 2x101 8atoms and cm-3 is introduced 
for concentration by doping. Furthermore, on the inclination SiGe base layer 8, Si cap layer 9 formed of epitaxial growth is 
formed. The thickness of Si cap layer 9 is about 30nm, and the boron (13) of abbreviation 2x 1 0 1 8atoms and cm-3 is doped for 
concentration like the inside of the inclination SiGe base layer 8 in Si cap layer 9. Moreover, on Si cap layer 9, the underlay oxide 
film 1 1 to which it is thin from the silicon oxide which is about 30nm is formed, and emitter opening 1 1 a to which a part of Si cap 
layer 9 is exposed is formed in the underlay oxide film 1 1 . And the emitter drawer electrode 1 0 which consists of contest 
polysilicon with which emitter opening I la of the underlay oxide film 1 1 is fill uped is formed. Lynn (?) which is the N type 
impurity of concentration abbreviation 5xl020atoms and cm-3 is doped by the emitter drawer electrode 10. On the other hand, 
emitter-diffusion layer 9a by which high-concentration Lynn was doped is formed in the field in which it is located under the 
emitter opening 1 la among the above-mentioned Si cap layers 9 of the dilTusion from the emitter drawer electrode 10. That is, in 
emitter-diffusion layer 9a in Si cap layer 9, although boron (about f concentration ] 2x101 Haloms and cm- 3) is mostly doped by 
homogeneity a( Si cap layer 9, since it is more sharply | than the concentration of the boron by which the concentration of Lynn 
diffused from the emitter drawer electrode 10 is doped ] high, emitter-diff usion layer 9a has been reversed to N type. 
[0069] Moreover, on the underlay oxide film 1 L the base drawer electrode 3 1 which consists of a polysilicon contest film with 
which the P type impurity was doped, and the inter-electrode insulator layer 32 which consists of a silicon oxide are formed. 
Opening of the portion located above emitter opening 1 I a of the underlay oxide film 1 1 among the base drawer electrode 3 1 and 
the inter-electrode insulator layer 32 is carried out, the oxide-film sidewall 33 is formed in the side of the base drawer electrode 
21 and the inter-electrode insulator layer 32, and the polysilicon contest sidewall 34 is turther formed on the oxide-film sidewall 
33. And the above-mentioned emitter drawer electrode 10 buried emitter opening 1 1 a, and has countered with the base drawer 
electrode 3 1 on both sides of the polysilicon contest sidewall 34 and the oxide-film side\vnll 33. That is, while the. emitter drawer 
electrode 1 0 and the base drawer electrode 3 1 are insulated electrically, diffusion of the impurity from the base drawer electrode 
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3 1 to the emitter drawer electrode 1 0 i.s prevented by the oxide-film sidewall 33. Moreover, the upper surface of the base drawer 
electrode 3 1 and the emitter drawer electrode 1 0 of each other are insulated by the inter-electrode insulator layer 32. 
[0070] and emitter-dilYusion layer 9a is direct among the inclination SiGe base layers 8 ~ the field in which it is located caudad 
intrinsic base layer Bint it is . Moreover, the external base pouring field Bex where the boron (B) which is a P type impurity was 
doped by the ion implantation is formed in the field located in a way outside the underlay oxide film 1 1 among the surface section 
of the Si epitaxial layer 4, the Side spacer layer 7, the inclination SiGe base layer 8, and Si cap layer 9. This external base 
pouring field Bex has become a part of external base* layer. 

[007 1 ] Furthermore, the boron of the same concentration as the inclination SiGe base layer 8 is doped by the side of 
ernitter-difrusion layer 9a, and the field of underlay oxide-film 1 1 directly under among Si cap layers 9. And intrinsic base layer 
Bint In the field inserted into the external base pouring field Bex, Si cap layer 9 and the inclination SiGe base layer 8 are covered, 
and the link field Blink is formed. Consequently, the link field Blink in which it is located under the underlay oxide film 1 1 of the 
external base layers is expanded in the thickness direction so that not only the inclination SiGe base layer 8 but Si cap layer 9 may 
be included. Thus, the point which the thickness of the link field Bex in an external base layer has expanded is the feature of 1TBT 
of this operation gestalt.. 

[0072] In addition, among the external base pouring fields Bex, the boron whose concentration is abbreviation 3xl017atoms and 
about cm-3 is doped, and the surface section of the Si epitaxial layer 4 serves as a junction leak prevention layer. 
[0073] Moreover, the sidewall 20 which consists of a silicon oxide is formed in the lateral surface of the emitter drawer electrode 
1 0 and the inter-electrode insulator layer 32, and the lateral surface of the base drawer electrode 31. 

[0074] Furthermore, on the wafer, the layer insulation film 1 3 which consists of a BSG (Boron Silicate Glass) film is formed, the 
connection which reaches the layer insulation film 1 3 at the emitter drawer electrode 1 0, the base drawer electrode 3 1 , and 
collector wall layer 3b, respectively - a hole prepares ~ having - **** each connection - the tungsten plug 1 2 in contact with 
the emitter drawer electrode 1 0, the base drawer electrode 3 1 , and the silicide layer 2 1 formed in the surface section of collector 
wall layer 3b is embedded at the hole Moreover, on the layer insulation film 1 3, the metal wiring 1 4 connected to each tungsten 
plug 1 2 is formed. 

[0075] According to SiGe-I U3T concerning this operation gestalt, like 1 IBT of the operation geslalt of the above 1 st In the field in 
which it is located under the underlay oxide film 1 1 among field 9b which becomes a part [ the external base layer of Si cap layer 
9 ] Since comparatively high -concentration boron (about [ concentration ] 2x101 Hakims and em- 3) is doped, the link field Blink 
has been expanded in the thickness direction so that not only the inclination SiGe base layer 8 but Si cap layer 9 may be included. 
And base resistance RB shown in a formula (2) The component Rlink of the link field Blink decreases about to 4/7 inside. 
Consequently, base resistance RB Maximum oscillation frequency fmax of HBT shown in a formula ( 1 ) since it becomes small 
Improvement can be aimed at. 

[0076] On the other hand, although the P type impurity is doped by the Si cap layer 9 whole, the conductivity type in 
emitter-diffusion layer 9a is reversed with diffusion of the N type impurity from the emitter drawer electrode 10, and they are • 
emitter-diffusion layer 9a and the intrinsic base layer Bint. The impurity profile in the passing longitudinal section does not almost 
have a change with the impurity profile in HBT equipped with Si cap layer of the conventional undoping. Therefore, current-gain 
cut off frequency ff Degradation hardly takes place. Moreover, since the PN-junclion section is formed in Si cap layer 9 between 
emitter-diffusion layer 9a and the other field (field 9b which becomes a part [ an external base layer ]), although the charge and 
discharge lime of emitter junction capacity increases only a part for emitter junction capacity to increase a little, it is the 
current-gain cut off frequency fT. A value is hardly influenced. Moreover, pressure-proofing of an emitter base junction does not 
fall by making high impurity concentration of Si cap layer 9 of the same grade as the inclination SiGe base layer 8, either. 
[0077] Thus, according to FIBT of this operation gestalt, base resistance can be reduced, keeping junction pressure-proofing of 
the same grade suppressing degradation of a RF property like the operation geslalt of the above 1 si also in HBT which has double 
polysilicon contest structure. Therefore, maximum oscillation frequency fmax Increase and low noise-ization are realizable. 
[0078] Next, the manufacturing process of SiGc-HBT of this operation gestalt is explained. Drawing 6 (a) - drawing 8 (d) are the 
cross sections showing the manufacturing process of SiGe-HBT of this operation gestalt. Among those, the cross section showing 
a process until - (e) deposits a covering oxide film from formation of emitter opening and cross section and drawing 7 (a) drawing 
8 (a) - (d) which show a process until drawing 6 (a) - (e) forms emitter opening in a collector drawer electrode from the start of a 
process are the cross section showing the process to formation of wiring from formation of an emitter-diffusion layer. 
[0079] First, al the process shown in drawing 6 (a), after forming the collector embedding layer 5 in the Si substrate 1 by pouring 
of an N type impurity (for example, Lynn), the Si epitaxial layer 4 is formed on the Si substrate 1 by epitaxial growth. At this 
time, impurilies, such as Lynn in the collector embedding layer 5, are spread in the Si epitaxial layer 4. Then, it divides to the 2nd 
active repion Re 2 for performing the 1 st active region Re 1 for forming shallow trench 2a and deep trench 2b, and forming the 
HBT formation field Rbl for an emitter base junction etc., and the drawer of a col lector, electrode. That is, Si collector- layer 3a is 
formed in the active region Re 1 off 1st ] the Si epitaxial layers 4, and collector wall layer 3b is formed in the 2nd active region 
Re 2. 

[0080] Next, the undoping SiGe layer whose content of germanium is 1 5%, the doped inclination SiGe layer to which germanium 
content decreases from 1 5% gradually to 0 including the boron which is a P type impurity, and the doped Si layer containing the 
boron which is a P type impurity arc mostly deposited continuously on a wafer by the epitaxial grown method using UHV-CVD at 
the process shown in drawing 6 (b), changing a type of gas. And patterning of a doped Si layer, a doped inclination SiGe layer, 
and the undoping SiGe layer is earned out, and the SiGe spacer layer 7, the inclination SiGe dope layer 8, and Si cap layer 9 are 
formed on the active region Re 1 of [ 1 st ] the Si epitaxial layers 4. At this time, the thickness of the inclination SiGe base layer 8 
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is about 40nm, and the high impurity concentration is 2xl018atoms and cm-3. The thickness of Si cap layer 9 is about 30nm, and 
the high impurity concentration is abbreviation 2x101 8atoms and cm-3 . 

[0081] Next, the thickness it is thin to a dirty stopper deposits on a wafer silicon-oxide 1 lx which are about 30nm at the process 
shown in drawing 6 (c). • 

[0082] Next, at the process shown in drawing 6 (d), using as a mask photoresist film 1 7C prepared on silicon-oxide 1 1 x, 
patterning of silicon-oxide 1 lx is carried out by dry etching, and. the opening 40 for base connection is formed. At this time, the 
center section of Si cap layer 9, the inclination Side base layer 8, and the SiGe spacer layer 7 is covered by silicon-oxide 1 lx, and 
the periphery of Si cap layer 9, the inclination SiGe base layer 8, and the SiGe spacer layer 7 has exposed it to the opening 40 for 
base connection. Then, using photoresist film 1 7C as a pouring mask as it is, the ion implantation of the boron (B) which is a P 
type impurity is performed, and the external base pouring field Bex is formed in the surface section of Si cap layer 9, the 
inclination SiGe base layer 8, the SiGe spacer layer 7, and the Si epitaxial layer 4. At this time, among the external base pouring 
fields Bex, the boron of the concentration of abbreviation 3x10I7aloms and cm-3 is introduced into the surface section of the Si 
epitaxial layer 4, and a diffusion leak prevention layer is formed in it. 

[0083] Next, poly silicon film 3 lx [ with a thickness of about 150nm by which high-concentration boron (B) was poured in on 
the wafer ], and silicon-oxide 32x | with a thickness of about lOOnm ] are formed one by one by CVD at the process shown in 
drawing f> (c). Next, emitter opening 3 1 a which amounts to silicon-oxide 1 lx is formed in the center section of silicon-oxide 32x 
and poly silicon film 3 lx by dry etching. This emitter opening 3 la is smaller than the center section of silicon-oxide 1 lx, and 
emitter opening 3 1 a does not straddle the opening 40 for base connection. 

[0084] Next, a silicon oxide with a thickness of about 30nm and the polysilicon "contest film for sidewalk with a thickness of 
about 1 50nm arc deposited on the whole surface of a wafer by CVD at the process shown in drawing 7 (a). And by anisotropy dry 
etching, etchback of a silicon oxide and the polysilicon contest film for sidewalls is carried out, and the oxide-film sidewall 33 and 
the polysilicon contest sidewall 34 are formed on the side in emitter opening 3 1 a of poly silicon film 3 1 x and silicon-oxide 32x. 
(0085 J Next, wet etching by lluoric acid etc. is performed at the process shown in drawing 7 (b), and the portion exposed among 
silicon-oxide 1 I x and the oxide-film sidewall 33 is removed. At this lime, Si cap layer 9 is exposed in emitter opening 31a. 
Moreover, since wet etching is isotropic, the medial surface of silicon-oxide 1 lx which ****+***+* e d also in the longitudinal 
direction and silicon-oxide 1 lx and the oxide-film sidewall 33 expanded forms final emitter opening 1 la. 
[0086] Next, after the thickness containing drawing 7 (high-concentration Lynn (P at the process shown in c)) deposits the 
polysilicon contest film which is about 250nm, the emitter drawer electrode 1 0 is formed by carrying out patterning of the 
polysilicon contest film by the dry etching which uses photoresist film 1 7D as a mask. 

[0087] Next, alter removing photoresist film 17D, while carrying out patterning of silicon-oxide 32x, poly silicon film 31x, and 
silicon-oxide 1 I x and forming the base drawer electrode 3 1 at the process shown in drawing 7 (d) by the dry etching which uses 
new photoresist film 1 7E as a mask, portions other than the portion used as the underlay oxide film 1 1 which exists under the 
base drawer electrode 3 1 among silicon-oxide 1 1 x are removed. 

[0088] Next, at the process shown in drawing 7 (e), after removing photoresist film 1 7E, the oxide film 18 for covering is formed 
on a wafer. 

[0089] Next, at the process shown in drawing 8 (a), rapid heating processing (RTA) is performed, Lynn in the emitter drawer 
electrode 10 is diffused in Si cap layer 9 the condition for 900 degrees C and 15 seconds, and emitter-diffusion layer 9a is formed 
in the field in which it is located under the emitter opening 1 1 a among Si cap layers 9. 

[0090] Next, while **********j n g the oxide film 1 8 for covering, and silicon-oxide 32x by anisotropic etching and forming the 
inter-electrode insulator layer 32 between the emitter drawer electrode 1 0 and the base drawer electrode 3 1 at the process shown 
in drawing 8 (b), the sidewall 20 which becomes the side of the emitter drawer electrode 10 and the inter-electrode insulator layer 
32 and the side of the base drawer electrode 3 1 from a silicon oxide is formed. 

[0091] Next, at the process shown in drawing 8 (c), after depositing a titanium film with a thickness of about 40nm on the emitter 
drawer electrode 10 exposed on a wafer, the base drawer electrode 3 1 , and collector wall layer 3b, titanium and silicon are made 
to react with heat treatment, and the silicide layer (titanium silicide layer) 2 1 is formed on the emitter drawer electrode 10, the 
base drawer electrode 3 1 , and collector wall layer 3b. 

[0092| Next, the layer insulation film 13 which consists of a BSG film is deposited on a wafer at the process shown in drawing 8 
(d). furthermore, the connection which reaches the layer insulation film 1 3 at the emitter drawer electrode 10, the base drawer 
electrode 3 1 , and collector wall layer 3b, respectively - each [ after forming a hole ] connection - a tungsten is embedded at a 
hole and the tungsten plug 1 2 in contact with the emitter drawer electrode 10, the base drawer electrode 3 1 , and the silicide layer 
21 formed in the surface section of collector wall layer 3b is formed Then, the metal wiring 14 which consists of aluminum 
connected to each tungsten plug 12 is formed on the layer insulation film 1 3. Thereby, structure of HBT shown in drawing 5 (a) 
and (b) is realized. 

[0093] According to the manufacturing process of this operation gcstalt, by the process shown in drawing 6 (b), Si cap layer 9 
containing a comparatively high-concentration P type impurity is formed, at the process shown in drawing 8 (a), the field in which 
it is located under the emitter opening 1 1 a among this Si cap layer 9 is made to diffuse Lynn which is a high- concentration N type 
impurity, and emitter-diffusion layer 9a is formed in it. That is, a center section is set to emitter-diffusion layer 9a among Si cap 
layers 9, and the other field 9b becomes a part of external base layer. 

[0094] Therefore, compared with Si cap layer of undoping being prepared, the resistance of the field (link field) in which it is 
located under l^e underlay oxide film 1 1 among external base layers can be reduced like the conventional HBT. That is, it is a 
maximum oscillation frequency fmax like **** by the manufacture method of HBT of this operation gestalt. High HBT formed 
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into low noise can be formed easily. 

[0095] In addition, in the manufacturing process of HBT of this operation gestall, you may skip the ion-implantation process of 
boron shown in drawing 6 (c). It is because the resistance of the whole external base layer can be maintained sufficiently small 
even if the external base pouring field Bex does not exist, since high-concentration boron is doped by Si cap layer 9. 
[0096] Moreover, it is in-situ in the case of epitaxial growth of Si cap layer 9 shown in drawing 6 (b). What is necessary is not to 
dope boron to the Si cap layer 9 whole by the dope, and just to dope boron in the lower part, even if there are few Si cap layers 9. 
Also in such a case, since n boron is spread in Si cap layer 9 from the base drawer electrode 3 1 with subsequent heat treatment, it 
is possible to maintain the resistance of the whole external base layer small.. 

[0097] Next, the data about the effect of HBT of this invention are explained. > 
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